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B 0 OK I V. — CONTIiTUED. 

GEOTECrONIC (STRUCTUEAL) GEOLOGY, 

OR THE ARCHITECTHHE OP THE EA.RTH’S CRUST. 

Part VII. ERurriVE (Igneous) Locks as Part or the Structure 
OP THE Earth’s Crust. 

The lithological differences of eruptire rocks having already been 
described in Book 11. (p. 1 95), it is their larger features in the ffeld that 
now require attention, — features which, in some oases, are readily ex- 
plicable by the action of modern volcanoes ; and which, in other cases, 
by bringing before us parts of the economy of volcanoes never observable 
ill any recent cone, reveal deep-seated rock-structures that lie beneath the 
upper or volcanic zone of the terrestrial crust. A study of the igneous 
rocks of former ages, as liuilt up into the framework of the crust, thus 
serves to augment our knowledge of volcanic action. 

At the outset, it is evident that if eruptive rocks have been extruded 
from below in all geological ages, and if, at the same time, denudation of 
the land has been continuously in progress, many masses of molten 


n 


203.-~B]xtoiisiv(;]y-{leii.iul<?(l Volcuiiic Dislriot (71). 

material, poured out at the surface, must have been removed. But the 
removal of these superficial sheets would uncover their roots or downward 
prolongations, and the greater the denudation, the deeper clown must 
have been the original position of the rocks now exposed to daylight. Fig, 
293, for example, shows a district in which a scries of tuffs and breccias 
{bh) traversed by dykes (aa) is covered unconformably by a newer series 
of deposits {d). Properly to appreciate the relations and history of these 
rocks, we must bear in mind that originally they may have presented 
VOL. II B 
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some such outline as in Fig. 294, where the present surface (that of Fig. 
293) down to whieh denudation has proceeded is represented by the dotted 
line n s} We may therefore dp'mi expect to encounter different levels 
of eruptivity, some rocks being portions of sheets that solidified at the 
surface, others forming parts of injected sheets, or of the pipe or column 
that connected the superficial sheets with the internal lava -reservoir. 
We may infer that many masses of molten rock, after being driven 
so far upward, came to rest without ever finding their way to the 
surface. It cannot always he affirmed that a given mass of intrusive 
igneous rock, now denuded and exposed at the surface, was ever connected 
with any superficial manifestation of volcanic action. 

Now, as a general rule, some difference may be looked for in texture, 
if not in composition, between superficial and deep-seated masses. The 
latter have crystallised slowly among warm or even hot rocks under 
considerable pressure, while the former have cooled much more rapidly 



Pig. 294.— Be'stored outline of the original form of ground in Fig. 2£>3 (li.). 


in contact with the atmosphere or with chilled rocks. This difference is 
of so much importance in the interpretation of the history of volcanic 
action that it should be clearly kept in view. As the result of actual 
observation, it is found that those portions of an eruptive mass which 
consolidated at some depth are generally more coarsely crystalline than 
those which flowed out as lava • they are likewise usually destitute of the 
cellular scoriaceous structure and the ashy accompaniments so charac- 
teristic of superficial igneous rocks. Yet even if there were no well- 
marked petrographical contrast between the two groups, it would 
manifestly lead to confusion if no distinction were drawn between 
those igneous masses which reached the surface and consolidated there, 
like modern lava -streams or showers of ashes, and those which never 
found their way to the surface, hut consolidated at a greater or less depth 
beneath it. There must be the same division to be drawn in the case of 
every active volcano of the present day. But at a modern volcano, only 
the materials which reach the surface can be examined, the nature and 
arrangement of what still lies underneath being matter of inference. In 
the revolutions to which the crust of the earth has been subjected, how- 
ever, denudation has, on the one hand, removed superficial sheets of lava 
and tuff, thereby exposing the subterranean continuations of the erupted 
rocks, and, on the other hand, has laid open the very heart of masses which, 
though eruptive, seem never to have been directly connected with actual 
volcanic outbursts. 


^ De la Beohe, ‘ Geol. Observer,’ p. 561. 
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Tiie progress of research, among tke eruptive rocks of the earth’s 
crust has brought to light the following important facts regarding them. 
1st, They are not distributed with invariable identity of petrographical 
characters over the globe, but are groujjed in more or less distinct areas 
or provinces, in each of which a general family relationship may be 
traced among the different igneous masses.^ This consanguinity in 
mineralogical composition and microscopic structure, though it may 
hold good on the whole throughout each province, may he found to 
vary considerably even in adjacent provinces, which are distinguished in 
turn by other peculiarities. 2nd, There has been in each distinct region 
a more or less definite sequence in the order in which the different rocks 
or varieties of rock have appeared, and this sequence, though its general 
features may be recognised as broadly similar everywhere, is suljject to 
considerable local variations. 3rd, IS^ot only has there l>een a process 
of differentiation in the magma reservoirs within the terrestrial crust, 
whereby the injected or ejected materials at the end of an eruptive 
cycle have come to differ, sometimes to a great degree, from those that 
appeared at the beginning, but even within the same igneous mass, after 
its expulsion from the reservoir into the crust, there has often arisen a 
separation of the mineralogical constituents, the more acid moving to one 
portion of the mass and the xnor*c basic to another. Some of these features 
have already been incidentally referred to in connection with modern 
volcanic action, hut it is only where ancient eruptive rocks have been 
laid bare by denudation that the evidence is obtainable for a satisfactory 
discussion of the subject. Before entering, therefore, upon the considera- 
tion of the igneous rocks as part of the structure of the earth’s crust, wo 
may with advantage attend to the three facts just enumerated, which 
.supplement and extend the conclusions deducihle from a study of modern 
volcanoes. 

1. Petro^apliical Provinces. — Tlie example of these Avliicli has been most sedulously 
•studied is probably that of the Christiania district, 'which has been so fully made known 
by the long-coiitiiiued and detailed researches of Professor Brfigger. He has shown that 
the eruptive rocks of that part of Scandinavia form a consecutive serie.s, specially 
•distinguished by its high percentage of soda, and including a number of typc.s seddom 
■observable elsewhere. He finds a genetic connection hetweeii the diflerent ineinbers of this 
.series. On the one hand are tlioroiighly acid rocks, includin" dillerent varietie.s of 
.granite and rpiarte-syenite, witli acid fpiartdferoiis augite-.syeiiite (Akerite), a peculiar 
intermediate group of basic aiigite-.syenites (Laurvikite), nephcline-syeriite (Laiirdalite) 
.and rnica-syeiiite, and a thoroughly basic series comprising cainptonites, bostoiiitea, 
and oliviiie-gabhro-diabases.'^ 

Another province •which is distinguished by the petrogi’aphical character and sequence 
•of its rocks is tliat of the Carboniferous region of the south of Scotland. It possesses a 
.great development of andesites with some peculiar trachytes, and a copious series of 
more basic rocks, ranging from dolerites -without olivine to basalts and liniburgites.'’ 


1 J. W. Judd, q. J. a. S. xYil (1886), p. 54. 

‘Die Miiieralien der Syenitpegmatitgiinge,’ Leipzig, 1890; “Basic Eruptive Rocks of 
'Gran.” 'Q. J. (J. >S. I (1894), p. 15 ; ‘^Die Emptivgesteine de.s Kristianiagebietes,’ Kristiania, 
1894-98, ante, p. 217. 

^ ‘Ancient Volcanoes of Great "Britain,' chaps, xxiv.-xxviii. 
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A marked petrogi-apliical province is to be found in tlie line of old Italian Yolcanoes 
wliicli lies on tlie west side of the Apennine Chain from, Tuscany to ISAples. Tins tract 
is more especially characterised by the abundance of its leiicitic rocks, which are some- 
times accompanied by trachytes and other non-lencitic masses. Great variety amori^ 
the volcanic products is displayed at each eruptive centre, yet the range of type remains 
tolerably uniform tlirougliout. ^ 

2. Sequence of Eruptive Roeks. —In various parts of tie world, 
where a large connected series of eruptive rocks las been studied in some 
detail, a more or less distinct local order of succession has been ascertained 
to have marked tie appearance of tie several petrographic types of eaci 
province. Allusion has already (ante, p. 349) been made to evidence 
of such a sequence among the products of modern and still active volcanoes. 
But it is in tie records of older volcanic and plutonic action, laid hare 
bv prolonged denudation, tiat tie evidence can be most fully perceived. 
As far back as 1868, Baron von Eichtlofen expressed bis belief that from 
the olservations made by him in Europe and in Eorth America a general 
order of occurrence of eruptive rocks could be established, and this order 
appeared to him to le first Propylite, followed successively by Andesite, 
Trachyte, and Rhyolite, and ending with Basalt." If the two first 
members of this series he regarded as practically different conditions of 
the same rocks, tie order given by von Eichtlofen begins with material 
of intermediate composition, then passing through stages of increasing 
acidity reaches tie rhyolites, and finally ends off with a thoroughly basic 
compound, viz. basalt. 

Considerable difference of opinion exists as to whether any such order of ax)pearance 
can he recognised as of general application, and still more as to the cause to which it 
should bo 'assigned. This question has been investigated in great detail by Professor 
Brogger, He believes that the eruptive rocks of the Christiania district not only form a 
distinct petrographical province, but, as already stated, that they have a close genetic- 
connection with each other, and appeared in a definite order according to chemical and 
mineralogical composition. They seem to be mostly of Devonian or Old Red Sandstone- 
age, and occur as inti'usive bosses and dykes as well as surface outflows. The earliest 
eniptions were strongly basic, consisting of olivine-gabbro- diabases. With these were 
associated dykes and sheets of camptonite and bostonite. Later came the ii ej dieline - 
syenites, followed by the granitic rocks, while last of all came a multitude of basic in- 
trusions, now found in narrow dykes of diabase and allied types, often ainygdaloidal.'* 

Ill the Eureka district, Hevada, Mr. Arnold Hague has ascertained that among tho- 
great Tertiary eruptions there displayed, the earliest consisted of horn blende-andesite- 
and hornblende-mica-andesite, followed by dacite and th^n by rhyolite and rhyolitic- 
pumice and tuff. He believes that the rhyolites were succeeded by pyroxene-andesites, 
and these are closely related to the basalts, which forna the latest of the series.*^ 

In the Yellowstone Park the order of eruption established by the memhers of the- 
United States Geological Survey is andesite of mean composition, followed by eruptions 
of more basic andesite and basalt, and more siliceous andesite and dacite, and by basalt. 


^ De Stefani, Bol Soc. Geol Ital. x, (1891), p. 449; H. S. ’Washington, Journ, GgoL 
vols. iv. and v. 

- “The Natural System of Rocks,” CcUiforn. Acad. Scl 1868. An excellent historical, 
summary of views regarding the internal magmas of the earth is given hj Zirkel in his. 
‘Lebrbuch,’ i. pp. 458-471. 

^ See his Memoirs cited on.pp. 217, 221, * Monograph xx If. A ('/. S. p. 249. 
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rhyolite, and basalt, tlie order being locally modified indifferent districts, but the general 
succession being from a-roek of average composition tlirough less siliceous and more sili- 
ceous types up to rocks rich in silica on the one hand, and others extremely low in that 
constituent on the other. ^ 

More recently Mr. J. E. Spurr has gathered all the evidence at present available 
regarding the succession and relations of the lavas in the Great Ba.sin region of the Western 
United States. He thinks that an earlier acid group exists which is not developed in 
every district, and that when the whole sequence is complete it is as follows in order of 
appearance: (1) Rhyolite (granite and alaskite) ; (2) Andesites of various types, with 
gradual transitions to the following ; (3) Rhyolite (sometiines with complementary 
olivine-basalt) ; (4) Andesite of various types with gradual transitions to the next group ; 
(5) Basalt (sometimes with complementary rhyolite). Between Nos. 1 and 2 and between 
3 and 4 there is a break indicating a long lapse of time.^ 

A remarkable sequence has been found hy Messrs. Lawson and Palache in a long 
series of Pliocene eruptions among the Berkeley Hills near San Francisco. No fewer 
than five, pos.sildy six, cycles have there been displayed, in which tlie same order of 
recurrence of volcanic material appears. In each of them the earliest discharges were of 
andesites, followed by basalt and that by rhyolite. 

The most complete volcanic record yet described is that presented in the British Isles, 
where each great geological system from the Arclunan to the Permian inclndes intercalated 
eruptive rocks. Thi.s extended chronicle comprises the detailed history of a 1 ong succession 
of volcanic cycles within a comparatively restricted area of the earth’s surface. Each of 
these cycles probably endured for a protracted time, and the intervals between them 
may have been even more prolonged. Prom the Permian to the early part of the 
Tertiary periods there was a complete quiescence in volcanic activity, for in the Triassic, 
Jurassic and Cretaceous formations no vestige of any contemporaneous igneous rocks has 
been found. In older Tertiary time, however, the subterranean forces once more broke 
into eruption and piled up the exte’iisive plateaux and hills of Antrim and the Inner 
Hebrides. There is thus a succes.sion of volcanic records in wliich the materials can he 
arranged chronologically in the order of their appearance. The result of a study of the.se 
records is to .show that each represents more or less completely a cycle of petrograpliical 
development. The earliest eruptions are generally intermediate or basic, and tho rocks 
then become more .siliceou.s, hut the last are usually basic. In the basin of the Tilth of 
Forth, where the Carboniferous volcanic series is most fully devclopied, the oldest eruptions 
consisted mainly of andesites, hut included some more basic on tllows. In Bast Lothian 
these rocks are overlain with a thick group of trachytes, which are accompanied by bosses 
of phonolite. But in the following or Carhoniferou.s Limestone portion of tlie })eriod the 
eruptions consi.sted mainly of basalts, often extremely ba.sic. Tlui Tertiary cychi is even 
more distinct in the west of Scotland. Above the denuded Chalk lies a thiedo pile of 
basalts, which towards the top are succeeded hy or iiiterstratified with trachyte.s and 
trachy tic tuffs. Next come huge eruptive masses ofgabbro, including ];)eridotites. These 
are disrupted by granites and granophyres, while the youngest rocks of all are liasalts in 
•the form of dykes, which traverse all the other parts of the series. 

Whatever explanation may be given of it, there can lie no doubt that 
:a sequence in the order of appearance of eruptive rocks can be established 
in most districts wbere any extensive series of these rocks is displayed. 
'The order does not appear to be q[iiite the same in every region, and tlic 
differences are perhaps too great to be explicable on any of the hypotheses 

^ J, P. Iddings, “On the Origin of Jgneou.s Rock.s,” Phil. Soc. Washlngtuti^ xii. 
(1892), p. 145. 

2 Jomn. Geol vhi. (1900), pp. 621-646. 

2 ‘Ancient Yolcanoes of Oreat Britain,’ cliap.s. x'xiv.-xxviii., xxxiii.-l. 
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that have "been proposed. On the whole, however, there is reason to 
believe that the prevalent sequence is that above indicated, viz., from an 
intermediate to a more acid composition, with a concluding effusion of 
basic material. This subject is so closely connected with differentiation that 
it must be further considered in the following pages. 

3. Dilferentiation in Eruptive Roeks. — This subject has been studied 
from two different sides, topographical and chronological. In the first 
place, single masses of rock exposed at the surface have been carefully 
examined, with a view to determine the nature of the obvious petro- 
graphical differences that occur even in the same body of material ; and, in 
the next place, the various separate eruptive masses in a province have 
been grouped in their order of appearance, and have been analysed 
chemically and microscopically, so as to reveal their gradations of com- 
position and structure. In the one case, we have before us the differentia- 
tion of an intruded mass during its cooling and consolidation, in the other 
the evidence of heterogeneity or differentiation in the magma reservoir 
underneath, either existing at the time of active volcanism or developed 
during the course of long intervals of time, and manifested in the differ- 
ences between successive discharges. Each of these heads has given rise 
to much discussion and a considerable addition to geological literature. 

(ct) In dealing with a single mass of rock, exposed at the surface, it is not difficult to 
gather the facts as to variations in texture and composition of its different parts, though, 
there may be considerable diversity of opinion as to their explanation. An excellent 
example of the differentiation which may be detected in a single body of erupted material 
was described in 1892 by Messrs. Takyns and Teall from Crarabal Hill and Meall Breac 
in Argyllshire.^ A large mass of biotite-granite, which* has there invaded the mica-schists 
of the Highlands, passes from a porphyritic condition into tonalite (quartz-diorite). 
Along its south-eastern margin it is hanked by a belt of diorite, with which are associated 
ultra-basic rocks. There is thus a great body of acid material occupying some ten 
square miles, which becomes increasingly acid towards the margin, presenting inter- 
mediate varieties of homblende-hiotite granite, tonalite, diorite, and augite-diorite, the 
series terminating in such highly basic compounds as wehrlites (olivine-diallage rocks), 
picrites (olivine-augite rocks) and serpentine. The first rocks formed were peridotites, 
followed by dio rites, tonalitea and granites in the order of increasing acidity. The most 
acid portion of the whole mass occurs as narrow veins in the granite and tonalite, and 
consists of felspar and quartz with hardly any ferro-inagnesian constituents.^ 

Another instance of remarkable differentiation within one body of erupted material 
has been studied by Mr. Barker in Carrock Fell, in the English Lake district. This 
hill consists of an acid rock, having the structure of granopliyre, with large associated 
masses of gabbro and diabase. The gabbro shows a remarkable increase of specific 
gravity and of basicity towards its margin. Its central portion, has a density less than 
2*85, abundant free quartz, and a maximum silica- percentage of 59 ‘46. From that 
condition it progressively changes to the outer border where the specific gravity rises 
above 2*95, the silica- percentage sinks to a minimum of 32*50, while the proportion of 
ii’on-ores amounts in places to a fourth of the whole rock. The granophyre is of younger 
date than the gabbro. It is an aiigite-granophyre, having 71*60 per cent of silica, hut 
towards its margin, where it comes in contact with the most basic zone of the gahbro, 

1 Q. J. G. S. xlviii. (1892), p. 104. 

2 The basic margins of the Pyrenean granite are otherwise explained by Lacroix. Pustea, 

P* 780. 3 (p. 7. G. S. 1. (1894), p. 311 ; li. (1895), p. 125. 
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it loses its acid character, having incorporated some of the gabbro into its substance. 
In this case, the marginal modification is due to the caustic action, of the acid rock 
upon, another mass outside, and not upon any process of differentiation within the 
granophyre itself. A similar effect, previously described by Professor Sollas, is even 
more strikingly developed at the junction of granophyre dykes with the gabbro of 
Barnavave, Carlingford, Ireland.^ And Mr. Barker himself has more recently described 
other striking examples of the same caustic action from tlie junctions of the granophyre 
with the gabhro of the Isle of Skye {postea, p. 776). 

We thus perceive two causes which may in different cases produce marginal modifica- 
tions in the structure and composition of eruptive rocks : 1st, an actual differentiation 
of their own substance, whereby the more basic and more acid constituents are separated 
from each other into different portions of the mass ; and 2iid, a change due to the 
solution of the rocks with which an intrusive mass comes in contact, and the incorporation 
of more or less of the dissolved material into the younger body. It is obvious, however, 
that this latter cause must be at the best of merely local extent, and can hardly go far 
from the margin into the body of a large eruptive mass. 



Pig. 2J>5. Banded and puckered gabbro, Druiiii an Bidlnie, Glen Sligacliaii, bkye. 


(h) Evidence lias multiplied in recent years that tbe processes of dififerontiation aio 
carried on upon a large scale within the magma beneath the terrestrial crust. This 
evidence shows that in some cases during a period of continued eruptive activity, the 
magma has become separated into more basic and more acid portions, from each of which 
intrusions or discharges are made successively or simultaneously, dhe existence of such 
a heterogeneous magma is well illustrated by the handed gabbros and other similar rocks, ^ 
w’here tbe materials have been injected or pirotruded simultaneously from sources of 
strikingly different chemical and mineralogical composition. Tlius the Tertiary gahbros 
of Skye include rapid alternations of pale and dark bands, the former conipo.se(l mainly 
of lab radoiite, with some augitc, uralitic hornblende and magnetite, and containing 52 
percent of silica ; the latter sometimes consisting of little else than aiigite and magnetite 
with only 29*5 per cent of silica. The bands are tolerably parallel to each other, hut are 
lenticular or not continuous for a long distance- That they belong to the time of 
extravasation and not to any subsequent process of differentiation in situ, is shown by 
their occasional puckering and curvature. They 'were evidently distnibed while still in a 
plastic condition. These rocks present a striking resemblance to many ancient gneisses.- 

^ Trans, Rinj. Irhh Acad. xxx. (1S94), p). 477 ; Aso Geol. Mccfj, 1900, j). 295. 

2 A. G. and J. J. H, Teall, Q. J. U. S. 1. (1894), p. 645 ; A. G. Oonvpi. rend. Conurh. 
OeoL Intemcct, Zurich, p. 139; ‘•Ancient Yolcauoes of Great Britain," ii. p. 341. Banded 
gabhros have also been described from the Radauthal by Losseii, E. D. G. O. xliii. (1891), 
p. 533 ; and by F . D. Adams, from the Bagnenay district, Keues. Jahrh. Bdlageb. viii. 
(1893), p. 452. This structure, which has been already noticed (p. 266), will he again 
referred to in connection with the Arclueaii gneisses (Book YI. Part I, § 1). 
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They form thick intrusive masses, which have disrupted the Tertiary basalt-plateaux of 
the Inner Hebrides. Another illustration of the simultaneous existence of basic and 
acid portions in the . same ' active volcanic focus is supplied by the Lower Old Red 
Sandstone of Central Scotland, -vvliere among the andesitic and diabasic lavas there are 
intercalated contemporaneous sheets of acid dacite and breccias of rhyolitic or fel si tic 
fragments. ; ' 

(c) More usually the evidence, as above' detailed, with reference to the sequence 
of eruptive rocks, indicates that the variation has been slowly progressive during 
the. continuance of a volcanic period, so that the ejected materials at the end come 
to be considerably different in composition from what they were at the beginning. 
It is difficult to understand this petrographical sequence on any other ground than 
that it arises from a gradual separation of the constituents in the body of the 
subterranean magma. The more basic being the more readily separable may be ex- 
pected to come first and to leave a more acid residuum for the later discharges. 
Eeference again be made here to Professor Brbgger’s investigation of the genetic 
relationship between the several types of rock which have made their appearance in the 
Christiania district. Prom the earliest of the series, which are the most basic, to the 
latest, which (except the final unimportant dykes of diabase) are the most acid, he has 
traced a continuous series of varieties, connected so closely together by passage-types that 
be regards it as impossible to doubt that they have all originated from a coiinnon source. 
Pealing with the oldest group, he thinks that the original basic magma whicli supplied 
theolivine-gahbro-diabases, that were pressed up to a higher level, afterwards underweiit, 
at^a deeper level, a process of differentiation whereby there was separated by diffusion a 
basic portion, which gave. rise to tlie camptonite intrusions, while the more acid re- 
mainder supplied material for the bostonite dykes and sheets. This clifferentiation has 
not only taken place within the magma reservoir, but also in the dykes and sheets 
themselves, where it must have occurred after their injection into a higlier level of the 
crust. Moreover, another type of differentiation occurs along the western and northern 
margins of the boss of Brandberget, where the olivine-gabbro-diabase has supplied a basic 
zone of almost pure ])yroxenic composition, which lias often crystallized as a coarse- 
grained pyroxenite, containing as much as 95 per cent of pyroxene. Again, in the 
laccolite of Viksfjeld, more acid quartziferous augite-diorites are frequent as the latesit 
products of difforeiitiation. Professor Brbgger concludes that whatever may he our ex- 
planation of the cause of these variations, there can be no doubt that the differentiation 
lias actually taken place ; and that in this Christiania region one and the same magma 
under different conditions has been differentiated in different ways into different groups of 
rock, with distinct chemical compositions in their several members.^ 

The examples of a succession in the erupted materials among the Tertiary volcanic 
districts of the Great Basin and surrounding regions in Western jN’orth America, afford 
an instructive lesson as to the nature of the changes which may take place in the con- 
stitution of the material that fills a magma reservoir during the continuance of a volcanic 
period. Witli regard to the Eureka district, above cited, Mr. Hague remarks that nU 
the erupted rocks may be referred to two sharply defined groups, one acid or felspathic, 
the other basic or pyroxenic. In the former the earliest and most basic portion consist.s 

^ Q. J. Q. S. 1. (1894), pp. 15-37. The subject Is more extensively .elaborated in his 
memoir on ‘Die Eniptivgesteine des Hristianiagebietes.’ In Part i. (pp. 123-158) he treats 
of the rocks of the Grorudite-Tingiiaite series as products of differentiation ; in Part ii. ho 
describes the succession of eruptive rocks at Predazzo in the Tyrol, compares it with that of 
the Christiania district, and discusses the mechanism of the intrusion of deep-seated eruptive 
masses ;■ in Part iii. (pp. 227-365) he enters fully into the genetic relations between the mus.se.s 
of Laiirdalite and their accompanying dykes, and discusses the diffusion-liypothesis, the Xern 
hypothesis of Eosenbusch, and various explanations which have been proposed to account for 
the phenomena of differentiation. 
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of hornblende-andesite, which, merging insensibly into hornblende-niica-andesite, and 
graduating further by the addition of quartz into dacite, then by decrease and failnro 
of hornblende and the appearance of orthoclase, passes into rhyolite. The oldest lavas 
of the pyroxene group were pyroxene andesites, which gradually pass into basalts. Mr. 
Hague believes it to be impossible to regard these differentiated volcanic products other- 
wise than as having been derived from an original common reservoir.’^ 

Any theory which is proposed to explain this process of differentiation 
must take account of the considerations stated in the foregoing paragraphs 
with regard to the sequence of eruptive rocks, and more especially of the 
fact that the cycle of change in the composition of the magma has recurred 
again and again within the same limited district. In 1892 I pointed out 
this recurrence as singularly striking in the volcanic history of so limited 
an area as the British Isles, and remarked that ‘‘as the successive pro- 
trusions took place within the same circumscribed region it is evident that 
in some way or other, during the long interval between two periods, the 
internal magma was renewed as regards its constitution, so that when 
eruptions again occurred they once more began with basic and ended with 
acid materials.’’ ^ Each of these periods in which this recurrence was 
repeated was termed by me a volcanic cj’^cle. Their records are not always 
complete, sometimes the earlier and sometimes tlie later stages being un- 
represented ; but the general order of appearance of the rocks is main- 
tained with remarkable persistence. Even more striking is the instance 
above cited from the Berkeley Hills, where within one comparatively 
small area no less than five cycles were completed in Pliocene time. 

Various liypotheses have been proposed to account for such evident changes in largo 
bodies of injected matter, and also in the magma -reservoirs during a long course of 
eruptions.*^ Some writers have supposed the original existence of differently constituted 
magmas which, erupted at (different times or simultaneously and in dilfereiit proportions, 
miglit explain the observed phenomena. Professor Kosenbusch, for exarnide, has suggested 
the existence of some five or six such fundamental magmas. Among these the granitic 
magma is represented as including, besides granite, the old volcanic quartz-porphyries, 
and keratophyres, and the younger volcanic felsoliparites, pantellerites and trachytes ; 
the gabbro-magma comprises, besides deep-seated and older volcanic rocks, siicli younger 
volcanic masses as basalt and leucitite.*^ M. Michel-Levy tabulates four inagtiuiH, (uielj 
capable of considerable subdivision. 1st, Alkaline (granulitic, granito-cdeolitic, ])antel- 
leritic) ; 2nd, Alkaline-earthy (granito-tonalitic, granitic, pro])er) ; 3rd, Kartliy-alkaline 
(diorito-diabasic, diabaso-lamproidiyric) ; 4th, Ferro -magnesian (lain]>ropl)yrie, peri- 
dotic). But he considers that only two magmas are susetq>tible of a truly ))rc‘eis(t 

1 Monograph, xx. U. S. G. S. pp. 253-2G8. 

^ Q. J. G. S. xlviii. (1892), p, 178. Anniversary Presidential Address. 

^ All excellent historical digest of opinion on this subject will be found in Ma*. Iddirig’s 
paper on “The Origin of Igneous Rocks,” /JmZ/. Phil. Soc. xii. (1892). His 

other contributions include papers in BiclL Phil. Soc. xi. (1890), p. 191; 

JouTii. Qeol. i. (1893), pp. 606, 833 ; g. /. Q. S. lii. (1896), p. 6*06. A review of opinion 
from an opposite point of view to that taken by Messrs. Brfigger and Iddings is given by 
M. Michel -L6vy in his Note sur la Classification des Magmas des Roches Eniptives ” 
B. S. G. F. XXV. (1897), jip. 326-377 ; also op. cit. xxiv. (1896), p. 123. 

Rosenbusch’s ‘ Kern-Hypothese ’ is given in his paper of 1889, and somewhat modilied 
in the 3rd edition of his ‘ Mikroskopische Phy.siographie,’ ii. p. 384. It is summarised and 
commented on by Brugger in his ‘ Ganggefolge des Laurdalits,’ iii. (1898), p. 302. 
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definition and possess a. living individuality — the feiTO«magnesian and the alkaline, 
which are fundamental and hehave differently as eruptive masses, the former being the 
result generally of igneous fusion, the latter requiring the co-operation of mineralising 
or pneumatolitic agents, such as are seen in fumeroles (ante, p. 270), and to which he 
attaches vast importance. He believes that it is in the circulation of fluids charged 
with mineral solutions under pressure and a high temperature that we must seek the 
active agent in the differentiation which takes place in the reservoirs of eruptive 
magma. ^ 

Other petrographers and geologists have endeavoured to acconnt for the observed 
changes on the assumption that they have proceeded in each case from one original 
magma. Mr. Teall, in discussing the consolidation of molten magmas, proposed that they 
should be considered as solutions, and sought how far their behaviour could be explained 
by the analogy of different solutions which had been studied experimentally. He dwelt 
upon the significance of the researches of Guthrie on. cryohydrates, and of Lagorio on 
the glassy base of igneous rocks. He first suggested the application to them of the dis- 
covery by Soret, which he defined thus : “A homogeneous solution remains homogeneous 
so long as the temperature remains uniform, but a disturbance in the equilibrium of 
temperature brings about heterogeneity in the solution. The compound or compounds 
with which the solution is nearly saturated tend to accumulate in the colder parts. 

Various objections, have been brought forward to the application of this principle as an 
adequate explanation of magmatic differentiation, and it is now admitted by Brogger 
that ordinary diffusion, w^hether by Soret’s principle or in any other way, ,is insufficient f 

to account for the facts.** Mr. Harker, dealing with that type of differentiation where 
a magma, supposed to be originally homogeneous, has had its more basic ingredients 
concentrated in the cooler marginal parts, compared such a magma with a saturated 
saline solution, and suggested that the migration of the least soluble constituents to the 
part of the liquid most easily saturated would determine crystallization, the process 
which, in the case supposed, would give the most rapid evolution of heat.^ 

Mr. G. F. Becker, in criticising the hypothesis of differentiation by diffusion, dwells 
on the stupendous amount of time which by the methods of Ludwig and Soret would, 
he thinks, he required for the segregation of magmas, even if they could be kept free from 
convection currents. He assumes that the magma witliin the earth must be at least as 
viscous as lava, and that in such a mass convection currents must necessarily come in to 
prevent any separation of constituents by diffusion from appreciably affecting the com- 
position.® He has subsequently proposed another solution of the problem, so far, at 
least, as regards masses that have been erupted into the crust or up to the surface. 

Returning to the process of fractional crystallization, so well illustrated by the researches 
of Guthrie on eutectic mixtures, he remarks that a mass of erupted material, injected 
into a fissure or cavity among cold rocks, will be subjected to convection currents, and a 

^ See previous note, also JB. S. &. F. xxvi. (1898), and ante, pp. 196, 1 99, for his notation 
to express the composition of the eruptive magmas. 

2 ‘British Petrography,’ 1888, p. 394. See also Geol. Mag. 1897, p. 553 ; and his 
Presidential Address to Oeol. Soc. for 1901. H. Backstrdni has remarked that Soret’s 
principle applies only to very dilute solutions, and that we are still ignorant concerning the 
behaviour of concentrated solutions, especially with reference to this principle, Jonrn. Geol. 
i. (1893), p. 774. ^ Ojp. cit. p. 355. 

^ Geol. Mag. (1893), p. 546 ; Q. J. Q. S. 1. (1894), p. 311. 

® Amer. Joum. ScL iii. (1897), p. 21. Professor Brogger lias replied to this criticism 
that we have no reason to believe the internal magma to he as viscous as Yesnvian lava. 

He points to the general ' absence of differentiation in superficial eruptive rocks and its 
frequent presence in deep-seated masses, and be argues that so long as the magma retains 
the enormous volume of aqueous and other vapours with which it is charged, it must possess 
great internal mobility, ‘Das Ganggefolge des Laurdalits,’ p. 336. 
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circulation ■will be established. If the lava he supposed to be a homogenous mixture of 
two liquids of diflferent fusibility, the crusts which first form upon the walls will have 
nearly the same composition as the less fusible partial magma. The abstraction of tho 
less fusible constituents will alter the composition of the circulating liquid, which will 
continually tend towards the composition of the most fusible mixture of the component 
ingredients. When this composition is attained the magma will no longer undergo 
change by circulation and partial solidification ; and the residual mass will gradually 
solidify as a uniform material.^ This is undoubtedly an important suggestion, though 
it may, perhaps, not be of wide application. Professor Brogger has pointed out that it 
requires that the least fusible materials should collect along the margins, whereas the 
contrary is, for the most part, the rule. This is, at least, the case in largo masses, 
though, in dykes, where the molten material has been rapidly chilled against walls of 
cold rock, the salband or marginal .selvage is often less fusible and more acid than the 
centre. 

!From this necessarily brief and incomplete summary of published 
opinions it will be seen that the problem of the cause of the differentia- 
tion of igneous rocks, whether within tie magma reservoirs or in 
extruded masses, is one of extreme complexity, the solution of wiieh has 
not yet been reached. There seems to be no doubt that at least in 
regard to bosses, sills, and dykes, the variation has been to a considerable 
degree influenced by cooling, though it is less easy to conceive how this 
influence could have seriously affected the composition of the great 
magma reservoirs which certainly underwent a marked change during 
the course of a volcanic cycle. It may be, as Brogger has said, that the 
process was connected in the most intimate way with the crystallization 
of the molten material, and that certain analogies may he traced between 
the succession of changes involved in the processes of crystallization, 
differentiation and eruption.- The subject of the crystallization of rocks 
lias been already referred to in this volume (pp. 302, 403-415), and the 
important researches of Elie de Beaumont, Dauhr^e, Fouqu^, Michel- 
Levy and others have been cited. But some further allusion to the 
question is required here, more particularly in regard to the order of 
appearance of the constituent minerals of eruptive rocks, and the po8si])le 
connection of this order with the processes of differentiation and eruption 
discussed in the foregoing pages. 

Crystallization of Eruptive Roeks.^ — The experiments of Messrs. 

^ Amer. Joiirn, Sci. hi. (1897), p. 257. 

- Op. at. p. 364. Out of the voluminous literature which during the last dozen of 
years ha.s gathered round this subject, it is only possible to find room here for some of tin*, 
more important contributions. Besides the works of Teall, Barker, Sollas, Brligger, Iddingn, 
Michel-Levy, Becker, Hague, Spiirr and others already cited, the following memoirs 
worthy of special notice: L. V. Pirsson in Ann. Mejo. U. A. (hoi. H\m\ Part iii. 
p. 569; Weed and Pirsson, B. U. S. 0, S. No. 139, 1896; H. S. Washington, various 
papers mJourn. Qeol. iv. v. vi. vii. and ix., and Jkdl. ihol. aS’oc. Amer. xi. (1900), p. 889 ; 
J. H. X. Vogt, Geol. Foren. Stockholm, xiii. (1891), p. 476 ; Qmipt. rend. Congrh. deal. 
Internat. Zurich, 1894, p. 382 ; Zeitscli. Prakt. Qeol. 1894, p. 381 ; 1895, pp. 145, 367, 
444, 465; 1900, p. 233; 1901, pp. 9, 180, 289, 327 — a remarkable aeries of researches 
regarding the separation of iron-ores in eruptive rocks, and its bearing upon the proccHses 
of magmatic differentiation. 

^ See the excellent s-ummary by Professor Iddings, Bull. Phil. Sue. WmJmvjton, xi. 
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rouqu6 and Michel-Ldvy demonstrated that many minerals and rocl^s 
could be reproduced artificially by 'dry fusion, and that crystalline group- 
ings and structures could he obtained precisely similar to those that 
occur in nature. The researches of Taubree showed that at high tempera- 
tures and pressures water contributes powerfully to the solution of various 
mineral substances and to the production of new minerals and rock- 
structures, though neither he nor his French colleagues could succeed in 
reproducing granitic rocks by any method they could devise. In recent 
years this synthetic research has been prosecuted on a much larger scale, 
and with eminent success, by Professor Morozewicz, to whose work 
allusion has above been made (p. 406). We have seen that he has 
succeeded in obtaining, from mixtures of their chemical ingredients, a large 
suite of minerals and a number of rocks, including rhyolite and various 
basalts and andesites. But his researches have some important hearings 
on the consolidation and crystallization of eruptive rocks as a whole. 
His experiments have brought out with clearness the already known 
fact that the presence of alumina tends to retard the crystallization of 
an alkaline silicate magma. He has found that when alumina is added 
above the point of saturation to such a magma, its presence promotes 
the separation of aluminous silicates. He experimented with mixtures 
having the chemical composition of rhyolite and also of basalt, and 
obtained products in which the structure and order of appearance of the 
minerals were similar to those of these rocks in nature. He found that 
the minerals always crystallized in the same order, which is a constant 
function of the chemical composition of the magma, hut his experiments 
led him to the conclusion that this order is not governed by any one 
condition alone, such as fusibility, acidity, or basicity, but is the result 
of several contributing causes, among which one of the most important 
is the relation between the quantities of the several compounds in the 
solution. Where the proportion of one of these compounds in any 
magma is large, the mineral will crystallize sooner than where it is small, 
and, as already pointed out, temperature comes also into play, some 
minerals making their appearance most readily at lower temperatures 
than those at which they can still be formed.^ 

Under certain conditions, more especially in veins of a particular 
kind, two mineral constituents of an igneous rock have crystallized 
simultaneously, and are mutually enclosed, one within the other. This 
structure is most familiarly displayed in graphic granite (pp. 128, 206, and 
Fig. 30), and in the coarse-grained veins which are known as pegmatites, 
where the graphic structure is not always developed.^ More usually the 

(1889), pp. 65-113. The student slionlcl consult tlie series of papers ty Morozewicz, cited 
below ; by Vogt, Zeitsch. PreCkt. Oeol Nos. 1, 4, and 7, 1893;- by Lagorio, Zdtsch. /. 
Krystallog. xxiv. (1895) p. 285 ; and the suggestive Presidential A.ddress by Mr. Teall, 
Q. J. a Ivii. (1901), p. 62. 

^ Professor Morozewicz’s papers are contained m J\^ews Jahrl. 1893, ii. p. 43 ; Zeitsch. 
f. Krystallog. xxiv. (1895), p. 281 ; TschernuiEs Mitth. xviii. (1893), pp. 1-90, 105-240. 
Tliere is a good summary of them by Mr. Jaggar in Journ. Geol. vii. (1899), pp. 300-313. 

^ See on this subject the remarks of Professor Brogger in liis “ Mineralien der Syenitpeg- 
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several minerals separated out successively, but the order of their appear- 
ance is not invariable, and we are still far from comprehending the 
conditions that determine the normal order and those that lead to 
deviations from it. The supposition obviously suggests itself that 
minerals will crystallize out of a magma in the order of their respective 
fusibilities, those with the highest fusion-points separating out first. 
But experience shows that such is not strictly the case. Itosenbusch 
has remarked that their appearance is in the order of decreasing basicity,, 
ores coming first, followed by ferro-magnesian minerals, felspathic minerals, 
and lastly hy quartz. But there are some imjiortant exceptions to this 
general rule. In granite the difficultly fusible quartz is often found 
moulded round the more fusible felspar, and in dolerites the pyroxenes 
may not infrequently be seen ophitically enclosed within the felspars. 
The opinion has long prevailed that in these cases the presence of water 
or some other “ mineralising agent ” plays an important part. It has 
been proved experimentally that in presence of water anhydrous silica 
can he made fluid at a temperature of 300° C., which is far below its 
fusion-point.^ Professor Joly has recently called attention to the 
importance of discriminating between the fusion-point and the viscosity 
of minerals at high temperatures. He has found that silica is a body 
possessing a remarkable range of viscosity. Its fusion-point is stated to 
be 1406° C.; at 1500° C. it is a very thick liquid, but about 800° C. it 
becomes plastic and yields with considerable rapidity to distorting forces. 
The question of time has been found to be important in determining the 
fusibility of substances. "VYhen rapidly fused their fusion-points may vary 
considerably. Thusleucite melts at 1030° and augite at 1140° when time 
has been allowed for the development of their viscosity. But when 
rapidly heated to 1 300° the fluidity of leucite is the same as that of 
augite at 1200°, and much more complete than that which they present 
at 1030° and 1140°. At a temperature of say 1280°, leucite exists in 
a verj^ viscous condition below its normal point of fusion (which is aliout 
1300°) ; augite, on the other hand, remains quite fluid, because it is 80'" 
above its normal point of fusion. Hence in the cooling of a magma 
from such a temperature, the leucite can begin to crystallise and the 
crystals to develop before the augite has formed any crystals, or at most 
has passed beyond the niicrolitic condition.- 

If we regard a molten magma as a solution in which all itKS chemical, 
constituents are completely dissolved, the chief condition that must 
determine the separation of these constituents is pro]:)ably a sinking of 
the temperature. As the mass cools the ingredient which soonest 

lufititgaiige,” Parti, p. 148 et seq. He describes examples of tlie Himiiltaneoiis ci-y stall izati on 
of felspar witt diopside, -with lepidomelane, witli liombleiide, and witli pyroxene. 

1 Professor Solla.s, C/eol. Mag. 1900, p. 295. Profes.sor Joly lias melted quartz by 
igneous fusion at a temperature of 1200° C. during eigliteeix lioiirs, anti lias obtained from it 
crystalline forms wlieii cooled down to 915® 0. . 

2 Joly, Pwc. Roy. Dublin >SV>c. ix. (1900), p. 298 ; (Jongrh Uhl, Internat, Paris, 
1900, p. 691. Poelter lias lately determined tlie fusibility of some minerals ranging from 
920° (inelanite) to 1400° (liroiizite). He finds the Predazzo granite to soften at 1150° and 
to fuse at 1240®. Tsekernak. Mitt., 1902, p. 23. 
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reaches its point of saturation will usuall 7 crystallize first, and the 
successive appearance of the minerals will continue until the whole 
magma has crystallized, or until the remaining non -de vitrified glass 
becomes solid. During this process a complex series of chemical changes 
is in progress. The early separation of the more basic constituents 
leaves the composition of the whole mass more acid ; further reactions 
are set on foot which may ultimately advance even to the reabsorption of 
minerals already crystallized. Among these changes the same mineral 
may make its appearance more than once during the crystallization of a 
magma. Eelspars, for instance, frequently appear in eruptiv(^ rocks as 
the products of a first and of a second consolidation. Porphyritic crystals 
or phenocrysts, which are dispersed through a fine-grained ground mass 
full of smaller, sometimes microlitic, forms of the same mineral, are 
regarded as evidence of this succession.^ 

The crystallization of an intrusive igneous mass must no doubt be more 
or less modified by the conditions of depth, temperature, movement, and 
other causes that affect the bodies of molten material which are protruded 
into the terrestrial crust. Dr. Weinschenk has especially dwelt upon 
this influence as a determining factor in the production of the structure 
of the central granite of the Alps. He believes that rock to have been 
part of a normal granitic magma which crystallized under abnormal condi- 
tions, and that it owes its mineralogical composition and characteristic 
foliated structure, not to any process of subsequent dynamonietamorphisni, 
but to the peculiar relations of tension accompanying the plication of the 
mountains. To these relations he has given the name of “piezocrystalliza- 
tion” — a term by which he understands an entirely primary formation of 
massive rocks, wherein, besides the high tension allowed for the crystalliza- 
tion of a normal deep-seated mass, we must also reckon the compression 
,dvt0 to orographic movements during the consolidation of the rock.- 

Many rocks in consolidating from the condition of glass have taken 
a spherulitic structure (pp. 131, 152), where crystalline intergrowths of 
two or more minerals have started from numerous centres, a.nd have 
developed the characteristic internal radiating fibrous arrangement and 
usually globular external form. The conditions that have determined 
this type of devitrification are not well understood. Mr. Whitman Cross 
has suggested that in acid glasses there has first been a globular aggrega- 
tion of colloid silica, in which the felspar substance is enclosed and 
becomes simultaneously individual ised.“ Professor Iddings, from a study 
of the remarkably fresh varieties of acid lavas found in the Yellowstone 
Park, in many of which the spherulites are hollow (lithophyses) and of 
large size, came to the conclusion that the differences in consistency and 
in the phases of crystallization, producing the lamination and spherulitic 
structure of these rocks, were directly due to the amount of vapours 

1 See, however, the observations of L. V. Pirssor, A'lmr. Journ. Sci. vii. (1899), p. 271 
and W. 0. Crosby, Amer. Geol. xxv. (1900), p. 299. 

2 E. Weinschenk, “Beitrage znr Petrographie der Ostlichen Centralalpen,” Ahhandl. 
Bayer. AJcad. xviii. (1894), p. 91. 

^ Bull. Phil. Soc. Washington, xi. (1891), p. 436. 
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absorbed in tbe various layers , of the lava, and to their mineralising 
influence ; the lithophyses being thus of aqueo-igneous origin, due to 
the action of the absorbed gases upon the molten glass from which they 
were liberated during the crystallization consequent upon coolingd 

Classification of Eruptive Rocks according to their Tectonic 
Relations. — In dealing with the occurrence of igneous rocks as part of 
the architecture of the earth’s crust, we require some principle of grouping 
which will enable us to arrange their various structures in such a manner 
as will best convey an idea of the relation which they bear to the rest of 
the crust, and of the light which they can be made to throw upon the 
behaviour of the molten materials of the planet, whether beneath or above 
the surface. Keeping in view a useful distinction already mentioned, we 
may group together all subterranean intruded masses, now revealed at 
the surface after the removal -of some depth of overlying rock, as one 
division under the names Plutonic, Intrusive, or Subsequent. On 
the other hand, we may class all those which came up to the surface as 
ordinary volcanic rocks, whether molten or fragmental, and were conse- 
quently contemporaneously interstratified with the formations which 
happened to be in progress on the surface at the time, as a second group 
under the names Volcanic, Interstratified, or Contemporaneous. 

It is obvious that these can be used only as relative terms. Every 
truly volcanic mass which, by being poured out as a lava-stream at the 
surface, came to be regularly interstratified with contemporaneous accum- 
ulations, must have been directly connected below with molten matter 
which did not reach the surface. One part of the total mass, therefore, 
would be included in the second group, while another portion, if ever 
exposed by geological revolutions, would be classed with the first group. 
Seldom, however, can the same masses which flowed out at the surface be 
traced directly to their original underground prolongations. 



Fig. 20G. — Section sliowing tlie relative age of an Intrusive Rock (B. 


It is evident that an Intrusive mass, though necessarily subsequent 
in age to the rocks through which it has been thrust, need not be long 
subsequent. Its relative date can only be certainly aflirmed with refer- 
ence to the rocks through which it has broken. It must obviously be 
younger than these, even though they lie upon it, if they bear evidence 
of alteration by its influence. The probable geological date of its eruption 
must be decided by evidence to be obtained from the grouping of the 
rocks all around. Its intrusive character can only certainly determine 
the lirnit of its antiquity. We know that it must be younger than the 
rocks it has invaded ; how much younger, must be otherwise determined. 
Thus, a mass of granite or a series of granite veins (a a, Fig. 296 ) is 

^ Amer. Journ. Sci. xxxiii. (1887), pp. 42, 45. See ante, pp. 406, 414, where tlie 
artificial production of the spherulitic structure hy Morozewicz and Daubree is referred to. 
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manifestly posterior in date to the plicated rocks {h h) through which it 
has risen. But it must he regarded as older than overlying undisturbed 
and unaltered rocks (c), or than others lying at some distance {e f), which 
contain worn fragments derived from the granite. 

On the other hand, an Interstratified or Contemporaneous igneous 
rock has its date precisely fixed by the geological horizon on which it lies. 
Sheets of lava or tuft* interposed between strata in which such fossils as 
Galymme Blumeiibachii, LeptdiifWb sericea^ Atrij^a reticularis, Orthis elegautula, 
and PentammLS Knightii occur, would be unhesitatingly assigned by a 
geologist to submarine volcanic eruptions of Upper Silurian age. A lava- 
bed or tuff intercalated among strata containing Calymmatotheca affinis, 
Lejoidoiiendron reltlieirnianmn., Leperditia, and other associated fossils, would 
unequivocally prove the existence of volcanic action at the surface during 
the Lower Carboniferous period, and at that particular part of the period 
represented by the horizon of the volcanic bed. Similar eruptive material 
associated with Amnonites, Eelemmtes, Fentacrinites, &c., would certainly 
belong to some zone in the great Mesozoic suite of formations. . An inter- 
bedded and an intrusive mass found on the same platform of strata need 
not necessadly he coeval On the contrary, the latter, if clearly intruded 
along the horizon of the former, would obviously be posterior in date. 
It will be understood, then, that the two groups have their respective 
limits determined mainly by their relations to the rocks among which, 
they may happen to lie, though there are also special internal characters 
that help to discriminate them. 

The value of this classification for geological purposes is gi*eat. Ifc 
enables the geologist to place and consider by themselves the granites, 
quartz-porphyries, and other crystalline masses, which, though lying some- 
times perhaps at the roots of ancient volcanoes, and therefore, in that case, 
intimately connected with volcanic action, yet owe their special characters 
to their having consolidated under pressure at some depth within the 
earth’s crust ; and to arrange in another series the lavas and tuff's which, 
having been thrown out to the surface, hear the closest resemblance to 
the ejected materials from modern volcanoes. He is thus presented with 
the records of hypogene igneous action in the one group, and with those 
of superficial volcanic action in the other. He is furnished with a method 
of chronologically arranging the volcanic phenomena of past ages, and is 
thereby enabled to collect materials for a history of volcanic action over 
the globe. 

In adopting this classification for unravelling the geological structure 
of a region where igneous rocks abound, the student will encounter 
instances where it may be difficult or impossible to decide in which 
group a particular mass of rock must be placed. He will bear in mind, 
however, that, after all, such schemes of classification are proposed only 
for convenience in systematic work, and that there are no corresponding' 
hard and fast lines in nature. He will recognise that all crystalline ai 
glassy igneous rocks must be intrusive at a greater or less depth from th< 
surface ; for every contemporaneous sheet has obviously proceeded frorr 
some internal pipe or mass, so that, though iriterhedded and contem. 
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poraneous with the strata at the top, it is intrusive in relation to the 
strata below. 

The characters by which an eruptive rock may be distinguished 
are partly lithological and partly geotectonic. The lithological char- 
acters have already been fully given (pp. 195-243). Among the more 
important of them are the predominance of silicates (notably of felspars, 
hornblende, mica, augite, olivine, &c.), and of disseminated crystals of iron 
oxides (magnetite, titaniferous iron) ; a prevailing more or less thoroughly 
crystalline structure ; the frequent presence of vitreous and devitrified 
matter, visible megascopically or microscopically ; and the occurrence of 
porphyritic, cellular, pumiceous, slaggy, amygdaloidal, and fluxion struc- 
tures. These characters are never all united in the same rock. They 
possess likewise various values as marks of eruptivity, some of them 
being shared with crystalline schists which, as schists, were certainly not 
eruptive. On the whole, the most trustworthy lithological evidence of 
the eruptive character of a rock is the presence of glass, or traces of an 
original glassy base. We do not yet certainly know of any natural glass, 
except of an eruptive origin. The occurrence or association of certain 
minerals, or varieties of minerals, in a rock,- may also afford presumptive 
evidence of its igneous origin. Sanidine, leucite, olivine, nepheline, for 
example, are, for the most part, characteristic volcanic minerals ; and 
mixtures of finely crystallized triclinic felspars with dark augite, olivine, 
and magnetic iron, or with hornblende, are specially met with among 
eruptive rocks. 

But it is the geotectonic characters on which the geologist must 
chiefly rely in establishing the eruptive nature of rocks. These vary 
according to the conditions undeir which the rocks have consolidated. 
We shall consider them as they are displayed by the Plutonic, or deep 
seated, and Volcanic, or superficial phase of eruptivity.^ 


Section i. Plutonic, Intrusive, or Subsequent Phase of Eruptivity. 

We have here to consider the structure of those eruptive masses 
which have been injected or intruded into other rocks, and have con- 
solidated beneath the surface. One series of these masses is crystalline 
in structure, but with felsitic and vitreous varieties. It includes' examples 
of most of the eruptive rocks, and especially of the more coarsely crystal- 
line forms (granite, syenite, quartz-porphyry, granophyre, rhyolite, diorite, 
gal)bro, &c.). The other series is fragmental in character, and includes 
the agglomerates and tuffs which have filled up volcanic orifices. 

After some practice, the field -geologist acquires a faculty of dis- 
criminating with more or less confidence, even in hand - specimens, 
crystalline rocks which have consolidated beneath the surface, from 

^ As already stated (p. 198), a chronological basis has been proposed among the other 
plans for the classification of eruptive rocks. Some writers have even gone so far as to 
suggest that different names should be given to eruptive rocks according to the geological 
formation in which they occur, as Carhophyre, Kohlephyre, Tria^phyre, Jumphyre. See 
Th. Ebray, B. S. G. F. (3), iii. p. 291. 
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those which have flowed out as lava - streams. Coarsely crystalline 
granites and syenites, with no trace of any vitreous ground-mass, are 
readily distinguishable as plutonic masses ; while, on the other hand, 
cellular or slaggy lavas are easily recognisable as superficial outflows, or 
as closely connected with them. But it will be observed that such 
differences of texture, though furnishing useful helps, are not to be 
regarded as always and in all degrees perfectly reliable. We find, for 
example, that some lavas have appeared at or near the surface with so 
coarsely crystalline a structure as to be mistaken by a casual observer 
for granite ; while, on the other hand, though an open pumiceous or 
slaggy structure is certainly indicative of a lava that has consolidated at 
or near the surface, a finely cellular character is not wholly unknown in 
intrusive sheets and dykes which have consolidated below ground. Again, 
masses of fragmentary volcanic material are justly regarded as proofs of 
the superficial manifestation of volcanism, and in the vast majority of 
cases, they occur in beds which were accnmulated on the surface, as the 
result of successive explosions. Yet cases (described at p. 748) may be 
found in many old volcanic districts, where such fragmentary materials, 
falling back into the volcanic funnels, and filling them up, have been 
compacted there into solid rock. On rare occasions, explosions of lava 
within subterranean caverns may have given rise to such accumulations 
of agglomerate. 

The general law which has governed the intrusion of igneous rock 
within the earth’s crust may be thus stated : Every fluid mass impelled 
upwards by pressure from below, or by the expansion of its own 
imprisoned vapour, has sought egress along the line of least resistance. 
That line has depended in each case upon the structure of the terrestrial 
crust and the energy of eruption. It may have been determined . by an 
already existent dislocation, by j)lanes of stratification, by the surface of 
junction of two unconformable formations, by contemporaneously formed 
cracks, or by other more complex lines of weakness. Sometimes the 
intruded mass has actually fused and obliterated some of the rock which 
it has invaded, incorporating a portion into its own substance. The 
shape of the channel of escape has determined the external form of the 
intrusive mass, as a mould regulates the form assumed by cast-iron. 
This relation offers a very convenient means of classifying intrusive rocks. 
According to the shape of the mould in which they have solidified, they 
may be arranged as — (1) bosses or amorphous masses, (2) sills or sheets, 
(3) veins and dykes, and (4) necks. 

§ 1. Bosses. 

Bosses (stocks) are amorphous masses that have disrupted the rocks 
through which they rise. They consist chiefly of crystalline, coarse- 
textured rocks such as granite and syenite, hut include also qiiarts:- 
porphyries, felsites, trachytes, diorites, gabbros, diabases, andesites, 
dolerites, &c. Where rocks assume this form as well as that of sheets, 
dykes, and contemporaneous beds, it is commonly observed that they 
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are more coarsely crystalline when in large amorphous masses than in 
any other form. Pyroxenic rocks afford many examples of this character- 
istic. In the basin of the Forth, for instance, while the outflows at the 
surface have been fine-grained basalts, the masses consolidated under- 
neath have generally been coarse dolerites or diabases.^ 

It has already been pointed out that in the consolidation of an igneous 
rock, the more basic minerals have generally crystallized out first, and 
that the last portions of the mass to solidify have not infrequently a 
notably more acid character than those which solidified first. Hence the 
margin of an eruptive mass may show a more basic composition than the 
central portions which cooled more slowly. As we have seen, a remark- 
able range of composition may thus be found within the same boss.- 
Again, if during the process of consolidation an intrusive mass should l)e 
ruptured and portions of the still liquid matter be forced into tbe rents, 
these veins or squirts will generally be found to be decidedly more acid 
than the rock in which they lie. 

G-ranitei — It was once a firmly-held tenet that granite is the oldest 
of rocks, the foundation on which all other rocks have been laid down. 
This idea no doubt originated in the fact that granite is found rising 
from beneath gneiss, schist, and other crystalline masses, which in their 
turn underlie very old stratified formations. The intrusive character of 
granite, shown by its numerous ramifying veins, proved it to be later than 
at least those rocks which it had invaded. Nevertheless, the composition 
and structure of gneiss and mica-schist were believed to be best explained 
by supposing these rocks to have l^een derived from the waste of granite, 
and thus, though the existing intrusive granite had to l)e recognised as 
posterior in date, it was regarded as only a subsequent protrusion of the 
vast underlying granitic crust. In this way, the idea of the primeval or 
fundamental nature of granite held its ground. From what is known 
regarding the fusion and consolidation of rocks (mta, p. 402 d seq.), and 
from the evidence supplied by the microscopic structure of granite itself 
(p. 144), this rock may be regarded as having generally consolidated under 
great pressure, in presence of superheated water, with or without liquid 
carbon-dioxide, fluorine, &c., conditions wdiich prol,)ahly never obtained at 
the earth’s immediate surhicc, unless, perhaps, in those earliest ages when 
the atmosphere was densely loaded with vapours, and when the atmospheric 
pressure at the surface was great (p. 44). Whether the original crust 
was of a granitic or of a glassy character, no induijitahle trace of it has 
ever been or is ever likely to he found. There can Ijo no doubt, however, 
that the oldest known rocks are either granites, or granitoid gneisses 
which have pi'obably been formed out of gi-arxitc. 

The presence of granite at the existing surface is, doubtless, in all 
cases due to the removal by denudation of masses of rock under which it 
■originally consolidated. The fact that, wherever extensive denudation of 
an ancient series of crystalline rocks has taken place, a subjacent granitic 
nucleus is apt to appear, does not prove granite to he of primeval origin. 

^ Bosses may not infrequently Le laccolites laid bare by <leiiudation, but without ex 2 ) 0 .sure 
•of tlieir foundations ; posiea^ 1 ). 736. ^ See rq). 710-712, and aiitliorities there cited. 
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It shows, however, that the lower portions of crystalline rocks very 
generally assume a granitic type, and it suggests that if, at any part of 
the earth, we could bore deep enough into the crust, we should probably 
come to a granitic layer. That this layer, even if general round the 
globe, is not everywhere of the highest geological antiquity, or at least 
has consolidated at widely different periods, is abundantly clear from the 
fact that in man}?' cases it can be proved to be of later date than fossili- 
f erous formations the geological position of which is known ; that is, the 
granitic layer has invaded these formations, rising up through them, and 
possibly melting down portions of them in its progress. Granite invades, 
and alters rocks of all ages up to late Mesozoic and Tertiary formations. 
Hence, it does not belong exclusively to the earliest nor to any one geo- 
logical period, hut has rather been extruded at various epochs, and may 
even be in course of extravasation now, wherever the conditions required 
for its production still exist. As a matter of fact, granite occurs much 
more frequently in association with older, and therefore lower, than with 
newer and higher rocks. But a little reflection shows that this ought to 
be the case. Granite, having a deep-seated origin, must rise through the 
lower and more ancient masses before it can reach the overlying more 
recent formations. But many protrusions of granite would, doubtless, 
never ascend beyond the lower rocks. Subsequent denudation would be 
needed to reveal these protrusions, and this very process would remove 
the later formations, and, at the same time, any portions of the granite 
which might have reached them. 

Granite frequently occurs in the central parts of mountain chains ; 
sometimes it forms there a kind of core to the various gneisses, schists, 
and other crystalline rocks. It appears in large eruptive bosses, which 
traverse indifferently the rocks on the line of which they rise, and com- 
monly send out abundant veins into them. Sometimes it even overlies 
schistose and other rocks, as in the Piz de Graves in the upper Eugadine, 
where a wall-like mass of granite, with syenite, diorite, and altered rocks, 
may be seen resting upon schists.’- In the Alps and other mountain 
ranges, it is found likewise in large hed-like masses which run in the same 
general direction as the rocks with which they are associated. 

Eeference has already been made (p. 204) to some of the more marked 
varieties of texture and structure in granite bosses. To a few of these 
further and more detailed remarks may he appropriately inserted here. 
The patches or enclosures in granite, which differ in colour, texture, and 
composition from the general mass of the rock, may be grouped in two 
divisions : 1st, Angular or subangular fragments, probably in most cases 
derived from the rocks through which the granite has been protruded. 
These are sometimes tolerably abundant towards the outer margin of a 

^ Studer, ‘G-eologie der Schweiz,’ i. p. 290. 

2 On the granite of the Alps, see Michel-Levy, Mdl. Carte, G'eol, France, No. 9, 1890, 
No. 36, 1893 ; Oaparc et Mrazeh, Mi77i. Soc. Phys. Bist. Nat Genhe, zxxiii. No. 1 (1898) ; 
D. Star, Yerh. h Jc. Geol. JReic7isa7i$t, v. (1854), p. 818 ; C. Schmidt, JBeitr, Geol. Karte. 
Schweiz, Liefer, xxi. (1891) ; E. Weiuschenk, Ahhandl. Bayer. Akad. ii class, xviii. (1894), 
p. 67. 
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boss. They usually show considerable contact -metamorphism, due no 
doubt to the influence of the eruptive rock in which they are enclosed. 
2nd, Globular or rounded concretions, due to 
some process of segregation and crystallization, 
in the original still unconsolidated granite. 

Examples of this nature occur in the Cornish and 
Devon granite, as in Fig, 297, which was long 
ago cited by De la Beche as showing a central 
cavity (a), not quite filled with long crystals of 
schorl surrounded with an envelope of quartz 
and schorl (i), outside of which lies a second 
envelope (c) of the same minerals, the schorl 
predominating, the whole being contained in a 
light flesh-coloured and markedly felspathic 
granite (d). But more remarkable concretionary 
forms have since been observed in many granites, 
some of them presenting an internal radial con- 
centric arrangement, and recalling the orbicular structure of some diorites 
(Napoleonite) (Fig. 8). Such concretionary aggregations are generally 
more basic than the surrounding granite.^ 

Of more importance, as affecting a much larger proportion of a granite 
boss, are the differences of texture and of structure not infrequently trace- 
able from the margin to the centre. Like most intrusive rocks, granite is 
apt to be more close-grained at its contact with the surrounding strata 
than in the centre of its mass, though it does not show this contrast so 
strikingly as the more basic rocks, such as gabliro, diabase, and dolerite, 
probalily because it was injected at depths where the surrounding rocks 
were hot, whereas the basic rocks visible at the surface were, for the most 
part, erupted among cool rocks, where along the contact the igneous masses 
were rapidly chilled. Certain characteristic varieties of texture and even 
to some extent of composition may be recognised in many granite areas. 
In particular the marginal portions not infrequently present a foliated 
arrangement which simulates the structure of gneiss, the folia lieing 
rudely parallel to the margin of contact and either vertical or dipping 
at high angles away from the core of granite. It has been already 
stated that in some granite bosses a striking gradation can be traced 
even into picritcs and serpentines. 

A detailed study has been made by Professor Charles Barrois of the granulites {i.e. 
granites with two micas) of the Morbihan in Brittany. He has shown that the large 
bosses, measuring some hundreds of srpiare kilometres, present certain well-marked 
modifications not only of structure but of composition, as they are traced from the 
centre to the pcripliery, while the smaller bosses show no such modifications and are 
to be regarded nnu’ely as apophyses from those of large size. The modifications along 
the contact do not arise from any e.xchange of substance between the granite and the 
surrounding rock, but solely from the influence of cooling which has affected the orienta- 
tion of the minerals, their grouping and their order of crystallization. Where the 

See the papers on orbicular granite cited on p. 206, also Harker and Marr, Q. J. G. S. 
xlvii. (1891), p. 280. 



Fig. 297.— Crystalline geode in 
granite, Dartmoor (B.). 
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granite has risen parallel to the strike of the adjacent strata, it usually passes from its 
ordinary granular into a porphyroid structure, with its large constituents arranged 
parallel as in flow-structure ; where, on the other hand, it breaks across the bedding, it 
has assumed a finely granular niassive character (aplite) with its crystalline constituents 
showing regular geometric forms. These variations are thus proved, in this particular 
instance, to depend on the influence of the surrounding envelope, which though chemically 
inactive, oilers considerable diversity as a conductor of heat and of pressure. The 
crystallization of the constituents of the rock took place progressively from the outside 
inwards, that is, from a mass still in motion across a magma that had come to rest and 
which shows now no trace of flow. But besides this marginal band of ‘‘porphyroid 
granulite,” the external portions of the southern flanks of the bosses present a remark- 
able schistose structure which, likewise limited to a peripheral zone, resembles that of 
gneiss, both fine-grained and glandular (augen -gneiss). Examined in detail the mica- 
flakes of this gneissic band are found to he torn and drawn out, the felspar crystals 
deformed, broken, and blunted, indicating the powerful mechanical forces which have 
aftected the rock. These crashed constituents have suhsequently been re-cemented by 
membranes and fibres of white sericitic mica, sometimes of black mica, and by sheets of 
secondary granular quartz, formed out of the triturated debris of the older ingredients. 
Considering the gradual passage of these schistose selvages into the ordinary granular 
rock, and the further fact that the schistose structure occurs only on the southern flanks 
of the granitic bosses of the Morbihan, Dr. Barrois attributes this structure to a power- 
fill lateral pressure which has acted in a direction from south to north. ^ 

Relation of Granite to contiguous Rocks. — Eroin an early 
period the attention of geologists has been given to the evident 
mineralogical change -which has taken j^lace among stratified rocks as 
they approach a mass of granite. This change is developed within a ring 
or areola (Fig. 300) which encircles the granite, and varies in breadth 
from a few yards to two or three miles. The most intense alteration is 
found next the granite, while along the outer margin of the areola the 
normal character of the rocks is resumed. In some cases, however, no 
perceptible trace of alteration can be detected next a mass of granite. Of 
the European examples of contact-metamorphism, those of Devon and 
Cornwall, Ireland, Scotland, the Harz, Vosges, Pyrenees, and Norway 
have long been known. Instructive illustrations of the same features have 
been found all over the world. The nature of the metaniorphism thus 
superinduced upon rocks is more particularly discussed at pp. 778-783. 





« a 

Fig. 20S.— Section across part of the granite belt of tlie soiitli-ea.st of Ireland. 
a, Granite ; b b, patelies of Lower Silurian rocks lying on tlie granite at varioiiR distances from the 
main Lower Silurian area, c c. 

The south-east of Ireland supplies an admirable illustration of the relation between 
granite and its surrounding rocks (Fig. 298). A mass of granite 70 miles in length and 
from / to 17 in width stretches there from north-east to south-west, nearly along the 
strike of the Lower Silurian rocks. These strata, however, have not been upraised by it 
in such a way as to expose their lowest beds dipping away from the granite. On the 
contrary, they seem to have been contorted prior to the appearance of that rock ; at 


^ Ann. Soc. Geol. JS'ard. xv. (1887), pp. 1-40. 
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least tliey often dip towards it, or lie horizontally or undulate upon it, apj)arently with- 
out any reference to movements which it could have produced. As Jukes showed, 
the Silurian strata are underlain by a vast mass of Cambrian rocks, all of which must 
have been invaded by the granite before it could have reached its present position. He 
infers that the granite must have slowly and irregularly eaten its way upward through 
the Silurian rocks, absorbing much of them into its own mass as it rose. For a mile or 
more, the stratified beds next the granite have been altered into inica-scliist, and are 
pierced by niimerous veins from the invading rock. Within the margin of the granitic 
mass, belts or rounded irregular patches of schist (b h) are enclosed ; but in the central 
tracts, where the granite is widest, and where therefore we may suppose the deepest 
parts of the mass have been laid bare, no such included patches of altered rock occur. 
From the manner in which the schistose belt is disposed round the granite, it is evident 
that the upper surface of the latter rock, where it extends beneath the schists, must he 
very uneven. Doubtless the granite rises in some places much nearer to the present 
surface of the ground than at others, and sends out veins and strings which do not 
appear above ground. If, as Jukes supposed, a thousand feet of the schists could be 
restored at some parts of the granite belt, no doubt the belt would there be entirely 
buried ; or if, on the other hand, the same thickness of rock could be stripped off some 
parts of the baud of schist, the solid granite underneath would belaid hare. The e.xtent 
of granite surface exposed must thus be largely determined by the amount of denudation, 
and by the angle at which the upper surface of the granite is inclined beneath the 
schists. Where the inclination is high, prolonged denudation will evidently do com- 
paratively little in widening the belt.^ But where the slope is gentle, and especially 
where the surface undulates, the removal, for some di.stance, of a comparatively slight 
thickness of rock, may uncover a large breadth of underlying granite. Portions of the 
metamorphosed rocks left by denudation upon the surface of the granite boss, are relics 
of the deep cover under which the granite no doubt originally lay, and, being tougher 
than the latter rock, they have resisted wa.ste so as now to cap hills and protect the 
granite below, as at the mountain Lugnaquilla (L in Fig. 298), which rises 3039 feet 
above the sea. 



Fig,' liOO.—Jiectiou of Slievciiainaddy, jVIourne Mountains. 
a a, Lower Silurian strata clipping at liigli angles ; b b, Dykes of basalt (melapbyrc), ontling these strata 
but truncated by tlie granite whieli along the DUter margin and in extruded veins pasHcs into a 
quartz-porphyry, d d. 

Observations by Professor Hull and Mr. Traill, have shown tha,t in the Mourne 
Mountains, a mass of (probably Tertiary) granite has in some parts risen up tlirougli 
highly inclined Silurian rocks, which comsequently .seem to he standing almost upright 
upon ail underlying boss of granite. The strata are sharply truncated by tlie crystalline 
mass, and are indurated Imt not otherwise altered. The intrusive nature of the granite 
is well shown by the way in which numerous dykes of dark rnelaphyre arc cut off when 
they reach that rock.- The accennpanying diagram (Pig. 299) is taken from one of the 
.sections in wliich this structure is |)ortrayed by these observers. 

^ Sec Jukeshs ‘Manual of Geology,’ 3r<l ed. p. 243. 

- Horizontal Section No. 22, Geol. Surv. Ireland. 
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In the Lower Silurian tract of the south of Scotland several large intrusive bosses of 
granite occur (Fig. 300). The strata do not dip away from them on all sides, but with 
trifling exceptions maintain their normal N. E. and S.W. strike up to the granite on one 
side, and resume it again on the other. The granite indeed has not merely pushed aside 
the strata so as to make its way past them, but actually occupies the place of so mu(di 
Silurian greywacke and shale, which have disappeared, as if they had been pushed or 
blown out, or had been melted up into the granite. There is usually a metamorphosed 
belt of about a mile in width, in which, as they approach the granite, the stratified rocks 
assume a thoroughly schistose character. Numerous small, dark, often angular patches 
or fragments of mica-schist may he observed in the marginal parts of the granite. 
Occasionally granite-veins protrude from the main masses ; in the metamorphosed 
zone which surrounds the Criffel granite are^^in Kirkcudbright, hundreds’ of dykes and 
veins of various felsitic or elvanitic rocks occur (see p. 739).^ 

Similar features are presented by the granite bosses of Devon and Cornwall, which 
have risen through Devonian and Carboniferous strata. The Dartmoor mass is 
specially instructive. ^\s shown by the early work of De la Beche, it pa.ssiis across the 
boundaiy between the Devonian and Carboniferous areas, extending chielly into the 
latter, so that it cuts across strata of different ages. In doing so it has risen irresistibly 
through the crust, without seriously affecting the general strike of the rocks. It cuts 
volcanic bands, as well as grits and shales, into whicli it sends veins. - 

A striking feature along the marginal parts of some granites is the extent to wliich 
they have absorbed or incorporated the material of the rock through \Yliich they liave 
risen. In some cases all that can be recognised of the sedimentary rocks thus attacked 
is in shreds, patches, and streaks imbedded in a paste of igneous origin. Such a paste is 
described by Mr. Teall as illustrated by a cordierite gneiss from Aberdeenshire, wliere tlie 
igneous constituents are represented by oligoclase, biotite, ortlioclase, and quartz, wliile 
the sedimentary portion is indicated by cordierite, quartz, biotite, sillimaiiite, iron-ores, 
and a green spinel.'* The process of absorption is perhaps best seen wliere the invaded 
rock is markedly basic, as wdiere gabbro has been attacked by grauophyre in the north- 
east of Ireland, the Lake district, and the north-west of Scotland, to which reference 
will he made on a later page (p. 776). So far as observation has yet gone, thi.s incor- 
poration of foreign material is mainly a peripheral phenomenon among intrusive rocks. 
How far it has ever been carried into the body of a great granite mass, so as apjireciahly 
to affect the structure and composition of the body of the rock, has not been ascertained. 

Injection of Granite — Granitisation. — The permeation of different 
rocks hy granitic material has been inuch studied in recent years. M. 
Michel-L6vy, who has devoted especial attention to the subject, believes 
that two types of this permeation, may be recognised. In the 
one case the material has so absorbed the surrounding rocks that no line 
of demarcation can be drawn between them. In the second type the 
granitic magma has insinuated itself between the finest divisional planes 
of the schists, saturating them and forming alternate folia of schist 
and granite. This remarkable structure, termed by the distinguished 
French geologist lif-par-lit injection, was first described by him from ex- 
amples which he had met with in France. He saw that so minute and 

* Explanation of Sheets 5 and 9, Geological Survey of Scotland. The coiitact-ineta- 
morphism of these granite bosses is described postea, p. 779. 

2 De la Beche, ‘ Eeport, Devon aud Cornwall,’ p. 165. J. A. Phillips, Q. J. 0. 8. 
xxxiv. p. 493. Compare the action of the Tertiary granites of Skye, Tmns. Roy. Soc.. Edin. 
XXXV. (1888), Fig. 56, p. 170, and the papers of Harker and Sollas, ciUd yoostea, p. 776. 

^ Addre.ss, Q. J. G. S. Iviii. (1902), p. Ixxiv. 
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intimate was the interpenetration of the granitic material that the 
resulting aggregate hecame neither a true granite nor an ordinaiy schist. 
The quartz and felspar have crystallized between the planes of stratifica- 
tion, cleavage, or foliation so as to transform, for example, a clastic clay- 
slate into a rock which could only with difficulty he discriminated from 
ancient gneisses.^ A similar structure is displayed in many parts of the 
Scottish Highlands. Messrs. Horne and G-reenly have described an in- 
structive example of it from Sutherland. They show that the whole mass of 
rock must have remained for a long time at a high temperature, for even 
where the granite sends sills and veins into the schists it never shows any 
sharp fine-grained or ‘‘ chilled ” edges, hut seems to merge insensibly into 
the environing rock, through a series of thinner and thinner lenticles, or by 
a dovetailing with the hiobitic folia of the gneiss. The granites them- 
selves are likewise foliated, part of this structure being apparently due to 
the incorporation of the quartzo-felspathic elements of the schists into 
those of the granite, every gradation being traceable from inclusions 
that retain their natural orientation down to the merest trains of mica- 
fiakes.2 

In connection with this subject it may here he remarked that the close 
relationship between granite and the crystalline schists has long been 
recognised. It was formerly believed by many geologists that some granite 
is of metam Orphic origin, that is to say, may have been produced by the 
gradual softening and recrystallization of other rocks at some depth 
within the crust of the earth. As gradations can he traced from gneiss 
through less distinctly crystalline schists into unaltered strata, the granite 
into which such gneiss seems to pass was looked upon as the extreme of 
metaraorphisra, the various schists and gneisses being less advanced stages 
of the process. Suhscquent observation has shown that though granite 
must be regarded as properly an eruptive and not a metamorphic rock, 
yet that such a transformation alike of altered sediments and of the 
granite itself as are involved in lit-par4ii saturation, introduces us to a 
kind of double metam orpliism, in view of which the old idea of meta- 
morphic granite does not now appear so utterly contrary to nature. 

Connection of Granite witli Volcanic Itocks. — The manner in 
which some bosses of granite penetrate the terrestrial crust strongly re- 
calls the structure of volcanic necks or pipes (p. 748). The granite is 
found as a circular or elliptical mass which seems to descend vertically 
through the surrounding rocks without seriously disturbing them, as if a 
tube-shaped opening bad been blown out of the crust of the earth, up 
which the granite had risen-. Several of the granite masses of the south 
of Scotland, above referred to, exhibit this character very strikingly (Fig. 
300). That granite and granitoid rocks have probably been associated 
with volcanic action is indicated by the way in which they occur in con- 
nection with the Tertiary volcanic roeks of Skye, Mull, and other islands 
in the Inner Hebrides. Jukes suggested many years ago that granite or 

^ B. /S'. G, >S'. F. ix. (1881), p. 187; xvi. (1888), p. 221, “Siir I’origirie cles Terrains 
crystallins jiriiiiitifs.” 

Q. J. a. S. lii. (1896), p. 633. 
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granitoid masses may lie at the roots of volcanoes, and may lie the source 
whence the more silicated lavas proceed d 

Bosses of other rocks than Granite. — On a smaller scale usually than 
granite, other crystalline rocks assume the condition of amorphous bosses- 
Diorite, syenite, quartz-porphyry, galibro, and members of the diabase 
and basalt family have often been erupted in irregular masses, partly 
along fissures, partly along the bedding, but often involving and appa- 
rently melting uj) portions of the rocks through which they have made 
their way. Such bosses have frequently tortuous boundary-lines, since 
they send out veins into, or cut capriciously across, the surrounding 
rocks. . 



Pig. 300.~Plan of granite boss, Caimsmore of Fleet, Scotland. 

Tlie granite area (c) is from 7 to 10 miles in diameter, rising tlirough biglil 5 ' inclined Lower Silurian 
strata (a), among which are some eoiispicuous bands of black anthracitic and graptolitic shales (h b). 
The arrows show the direction of dip ; the parallel lines that of the strike. The ring within the 
dotted line round the granite defines the areola of metainorphisin. 

In Wales, as shown by the maps and sections of the Geological Survey, the Lower 
Silurian formations are pierced by huge bosses of different crystalline rocks, mostly in- 
cluded under the old term ‘‘greenstone,” which, after running for some way with the 
strike of the strata, turn round and break across it, or branch and traverse a consider- 
able thickness of stratified rock. In Central Scotland, nnraerons masses of dolerite or 
diabase have been intruded among the Lower Carboniferous formations. One horizon 
on which they are particularly abundant lies about the base of the Carboniferous Limestone 
series. Along that horizon, they rise to the surface for many miles, sometimes ascend- 
ing or descending in geological position, and breaking here and there abruptly across 
the strata.'-^ Gaps occur where they do not appear at the surface, but as they resume 
their position again not far off, it may he presumed that they are really connected under 
these blank intervals. In the Inner Hebrides huge bosses of gahbro occur as well as 
granopliyre and other acid rocks in the midst of the Tertiary volcanic series. 

Effects on Contiguous Bocks. — The contact-metamorphism firound 
bosses of diorite and other rocks includes alteration of the texture and 

^ ‘ Manual of Geology,’ 2nd ed. p. 93 ; A. G. , Trans. Geol. Soc. Eclm. ii. p. 301 ; Trains. 
Roy. Soo. Eclin. xxxv. (1888), p. 150 ; Judd, Q. J. Q. S. xxx. p. 220 ; Keyer, Jahrd. Geol. 
Meic/isanst. 1879, p. 405, and his ‘ Beitrag zur Physik der Eruptionen.’ 

^ A. G., Trans. Roy. JSoc. Edin. xxix. p. 476. 
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even the mineralogical composition of the rocks through which the intrusive 
material has been erupted. The amount and nature of the change pro- 
duced vary with the character and bulk of the eruptive mass, as well as 
with the susceptibility of the surrounding materials to alteration. Diorite, 
dial^ase, melaphyre, basalt, felsite, and other eruptive rocks are not 
infrequently accompanied by considerable metamorphisni of the adjacent 
strata, though the change seldom approaches the intensity of that around 
large areas of granite. These phenomena are manifested also by intrusive 
sheets, dykes, veins, and necks. They belong to the series of changes 
embraced under the head of contact-metamorphism, and are grouped to- 
gether for description in the next Part (pp. 776-785). 

Effects on the Eruptive Mass. — Allusion has been made above to 
the displacement of rocks by eruptive bosses, as if the original material 
that filled the present area of these bosses had been blown out, pushed 
up, or melted down into the advancing column of the igneous magma. 
If any serious amount of material were incorporated by fusion into an 
eruptive mass we should expect to be able to detect some change in the 
chemical composition or crystalline structure of the rock so affected. 
Reference has already (p. 710) been made to examples of this kind in the 
case of granites, granophyres, or other acid rocks which have assimilated 
portions of such a basic rock as gabbro. But though probal^ly on a smaller 
scale, some comparable change may be expected along the contact of much 
more basic rocks than granite. There is reason, for instance, to suspect 
that the thick dolerite sills of Central Scotland, above alluded to, have 
attacked the strata, particularly the limestones, through which they have 
risen. The observations and deductions of Dr. Stecher on the variations 
in the composition of these intrusive sheets (imfea, p. 775) deserve con- 
sideration, for they appear to indicate that considerable petrographical 
differences may be induced on a basic igneous mass by the incorporation 
into its substance of portions of the surrounding rocks. A remarkable 
change is superinduced on basic intrusions when they come in contact 
with coal or with carbonaceous shales. They become pale in colour and 
earthy in texture, and assume the aspect of '‘white trap” (p. 775). 

Connection with Volcanic Action. — There can be little doubt 
that in regard to eruptive masses, particularly of the dioritic, gabbro, and 
doleritic or basaltic series, though the portions now visible consolidated 
under a greater or less depth of overlying material, they must in many 
cases have been directly connected with superficial volcanic action. Some 
of them may have been underground ramifications of the ascending molten 
rock, whicli poured forth at the surface in streams of lava, though these 
superficial portions have been removed by denudation. Others may mark 
the position of intruded masses which were arrested in the unsuccessful 
attempt to open a new volcanic vent. The gabbro and granophyre 
bosses of the Inner Hebrides were undoubtedly a part of the general 
Tertiary volcanic phenomena of that region. 

Connection with Crystalline Schists. — In some regions masses 
of diorite, gabbro, diabase, &c., associated with crystalline schists have 
undergone such a rearrangement of their component minerals as to pass into 
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ampliibolites and hornblende-schists. These changes are well developed 
in the Saxon Granulitgebirge and in the North of Scotland. They are 
further referred to at pp. 735, 7S7; 797, 889, 893, and Figs. 2G6, 367. 



A? 


§ 2. Sills, Intrusive Sheets. 

Eruptive masses have been intruded 1)6" 
tween other rocks, and now appear as more 
or less regularly defined beds. In many 
cases, it will be found that these intrusions 
have taken place between the planes of 
stratification. The ascending molten matter, 
after breaking across the rocks, or rather, after 
ascending through fissures, either previously 
formed or opened at the time of the outburst, 
has at last found its path of least resistance 
to lie along the bedding-planes of the strata. 
Accordingly it has thrust itself between the 
beds, raising up the overlying mass, and 
solidifying as a nearly or exactly parallel cake, 
sheet, or sill. 

It is evident that one of these intercalated 
sheets must present such points of resemblance 
to a subaerial stream of lava as to make it 
occasionally a somewhat difficult matter to 
determine its true character, more especially 
when, owing to extensive denudation, or other 
cause, only a small portion of the rock can 
now be seen. Intrusive sheets are marked 
by the following characters, though these must 
not be supposed to he all present in every 
case. (1) They do not rigidly conform to the 
bedding of the rocks among which they arc 
intercalated, but sometimes break across it, 
and run along on another platform. (2) They 
catch up and involve portions of the surround- 
ing strata. (3) Tliey sometimes send veins 
into the rocks above and below them. 
(4) They are connected with dykes or pipes 
which, descending through the rocks under- 
neath, have been the channels by which the 
sills were supplied. (5) They are commonly 
most close-grained • at their upper and under 
surfaces, and most coarsely crystalline in 
the central portions. (6) They are rarely 
cellular or amygdaloidal (7) The rocks both 
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above and below them are usually hardened and otherwise more or less 
altered.^ 

The term ‘‘Sill” is derived from, the remarkable example ia the north of England, 
which has long been known as the Great ^Vhin Sill.- This intrusive sheet is traceable 
for a distance of 80 miles and has a total area of perhaps not less than lOOO sq^uare 
miles. It varies in thickness from less than 20 to as much as 150 feet, but averages 
from SO to lOO feet. It is clearly intrusive, for it breaks across from one platform of 
strata to another, metamorphosing the rocks with which it is in contact (Fig, 302 and 
p. 773). 



Fig. 30'J.— Section showing; the po.sition of the Great Whin Sill between tlin Limestone escarpment on 
the west and the Millstone Grit hills east of Teesdale. 

1, Silurian strata ; 2, Carboniferous Limestone series ; 3, the Great Whin Sill, wliic.li becomes tliinner 
and rises to a biglier strati graphical position as it goes westward ; 4, Millstone Grit. 

Another well-known and (from its association with the Hnttonian and Wernerian 
disputes) classical example of this structure is the mural escarpment called Salisbury 
Crags at Edinburgh (Fig. 303).^ This is a sill of crystalline diabase (dolerite), which 



Fig. 303. — biajgraiiinuitic view of SaliHhiiry CragH, KdiiiburgU— a Sill in Carhunil’orouH KandHtoneH 

and HlialoH. 


caii he traced for a distance of 1500 yards, lying among the red and grey sandstones, 
shales, and impure limestones which lie at the base of the Carboniferous system of 
Central Scotland. As the general dip of the rocks is north-easterly, the sill forms a lofty 
cliff facing west and south, from the base of which a long grassy slope of ddbris stretches 

^ Mr. E. Howe, as above cited (p. 329), ha.s conducted soino experiments to illustrate the 
intrusion of igneous material suggested by the structure of the laccolites of the Black Ellis, 
Tist Rep. U. S. (/. S. (1901), pp. 163-305. 

2 See To ploy and Lebour, Q. /. O. S. xx.xiii. (1877), p. 406 ; J. J. H. Toall, at 
1884 ; Hutchings, GeoL Map. (1898), pp- 69, 123, The word “SilF* was probably applied 
by the inhabitants to this flat cake of dark stone at the base of the hills, from its fancied 
xesenddaiice to the sill or threshold of a house. 

^ Another analogous sill which forms the picturesque rock of Stirling Gastle has been 
described by Mr. H. Moncktoii, iRj, G. S. li. (1895), p. 480. 

6^14 

560 - 
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down to the valley in front. Its tliickness at the highest part is about 80 feet, but at a 
distance of 650 yards to the north this thickness diminishes to less than a half. At 
first, the diabase might be taken for a conformable sheet, regularly interposed between 
the sedimentary strata. But an examination of the beds on which it rests shows that it 
transgressively passes over a succession of platforms, and eventually comes to rest at the 
east end on strata somewhat lower in geological position than those at the north end. 
Moreover, another parallel intrusive sheet intercalated in a lower portion of the sand- 



Fig. 304.— Section at base of south front of Salisbury Crags, showing portion of strata unt out by 
intrusive diabase. «, sand.stones, shales, &c.; &, diabase. Length of section, 22 feet. 


stone series gradually approaches the rock of Salisbury Crags. They are both trans- 
gressive acro.ss the strata, and they appear to unit in a large mass called Samson^s Kihs. 

On the west front, a large dyke-like mass of the diabase descends vertically through 
the sandstones, and has been regarded as not improbably a pipe or feeder, up which the 
molten rock originally rose (Fig. 303). Along the southern face of the escarpment, 
several instructive exposures show the behaviour of the diabase to the strata through 
which it has made its way. In Fig. 304, for example, a portion of the nnderlying 



Fig. 305. 



Fig. 300. 


Fig. 305.— Mass of sandstone and sbale (a) imbedded in the diabase (6) of Salisbury Crags, and 
injected with veins and threads of it. 


Fig. 306.— Junction of intrusive diabase with sandstone, Salisbury Crags. Magnified 20 diameters.— 
The granular portion at the bottom of the drawing is sandstone, a part of which is involved in 
the diabase that occupies the rest of the slide. The darker portion next the sandstone is a vitreous 
substance which has been serpentinized. It contains crystals of plagioclase and vapour vesicles 
drawn out in the direction of flow. Above the darker part the glassy condition rapidly passes 
into ordinary but minutely crystalline diabase. The rock has been considerably altered, calcite 
occupying many of the vesicles and fissures. 


strata having been carried away, the diabase has wedged itself below one of the 
remaining broken ends. Again, veins and threads of the eruptive rock have been 
injected into fragments of the strata caught np in its mass (Fig. 305). The strata in 
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contact with the diabase have been much hardened, the shales being converted into a 
kind of xjorcellanite, and the sandstones into q[uartzite.^ The diabase in the centre of 
the bed is a coarse-grained rock, in which the component minerals can readily be detected 
■with a lens, or even with the unassisted eye. But as it approaches the sedimentary 
beds, above and below, it becomes linely crystalline. I have had sections cut for the 
microscope, showing the actual junction of the two rocks (Fig. 306). In these it is interest- 
ing to observe that the diabase, for about the eighth of an inch inwards from its edge, 
consists mainly of an altered glass in which lie w^ell-formed crystals of triclinic felspar 
and numerous opaque tufted microlites (probably augite and iron ores). An inch back from 
the edge, the glass and the microlites have alike disappeared, and the rock is merely a 
crystalline diabase, though finer in grain than in the central portions of the bed. 
hTuinerous steam- or gas-vesicles occur in the vitreous pai’t, some of them empty, but 
mostly filled with calcite or a brown ferruginous earth. There can he little doubt that 
the vitreous structure of this marginal film was originally that of the whole rock. The 
thinness of the glassy crust is in harmony with all that is known as to the feeble 
thermal conductivity of lava. When the rock was intruded, it was no doubt a molten 
glass containing much absorbed vapour, the escape of which at its high temperature was 
probably the main agent in indurating the adjacent strata. This greater closeness of 
texture at the contact, due to rapid solidification against a cold surface, forms one of 
the distinguishing marks of an intrusive as contrasted with a contemporaneous sheet 
(p. 753). Microscopic examiiiatiou of these niarginal parts in many of the intrusive 
sheets of Central KScotland, shows that even where no distinct glass remains, the rock is 
crowded with black opaque microlites arranged in a delicate geometric network! Back 
from the surface of contact, the microlites disappear, and the magnetite or titaniferous 
iron assumes its ordinary crystalline and often indeterminate or imperfect contours. 



1, Mica-schists ; C, fjinicstdiu*. baials; Graphitic schists ; 4, Quartz-schists ; /, Fault. 

The thick l)Iack lines mark intercalated epi<li(a’itB sills. 

In regions of crystalline schists, sills sometimes play a conspicuous i)art. Thus, in 
the Scottish Highlands, .sheets of intrusive material injected among the original sediments 
have been ])licated ainl metamor]>hosed together with those strata, and now a])pear as 
c])iiliorite and anq^uholite-schist (Figs. 307 and 370). They occur on various horizons, 
and break across into higher or lower parts of the series. 

Another lithological characteristic of the intrusive, as compared with 
the interstratified slicets, is the considerahle variety of composition and 
structure which may be detected in different portions of the same mass. 
A rock which at one place gives under the microscope a crystalline- 
granular texture, with the mineral elements of diabase, will at a short 
distance show a coarsely crystalline texture with abundant orthoclase 
and free quartz — minerals which do not belong to normal diabase — or 
may be ' traversed by veins of fine-grained siliceous material. These 

^ Mr. Sorl)y has ohsiu'ved in K})eciun'iis from this locality sliced liy him for microscopic 
examination that the lluid cavities in the quartz-grains have been emptied. (2- J. G. S. 
xxxvi., Address, p. S2. But se.e Dr. Steelier’s papers quoted p. 775. He describes the 
contact phenomena of the Carbon ifero ns sills in the ha.sin of the Fortli. 
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differeaces, like those above referred to as noticeable among amorphous 
bosses, seem to point to successive stages in the consolidation of a molten 
magma, of which the more basic constituents separated first. But some- 
times they suggest that great intrusive sheets have here and there 
involved and melted down portions of rocks, and have thus acquired 
locally an abnormal composition^ i - , » 

Mr G. K. Gilbert has described, under the name of “Laccolite, a 
variety of' the sill-structure, which he observed originally in the Henry 
Mountains, Southern Utah, and which has since been recognised in many 
other districts. Large bosses of igneous material have risen from 
beneath, but instead of finding their way to the surface, have spread out 
laterally and pushed up the overlying strata into a dome-shaped elevation 
(Fio-. 308). Here and there, smaller sheets proceeding from the main 
maSes have been forced between the beds, or veins have been injected 
into fissures, and the overlying and contiguous, strata have been consider- 
ably metamorphosed.2 Subsequent denudation may expose a laccolite as 
a boss (p. 723). 



Fig- 308 .— Ideal seetiou of three “Laccolites," after Gilbert. 


Effects on Contiguous Eocks. — Admirable examples of the 
alteration produced hy eruptive masses are not uncommonly presented 
at the contact of intrusive sheets with the surrounding rocks. Induration, 
decoloration, fusion, the production of a prisnnatic structuro, conversion 
of coal into anthracite, of limestone into marble, and other alterations, 
may be observed. The nature of these changes is described at p. 7 6 6 seq. 

Connection with Yolcanic A.ction. — Many volcanic rocks occur 
in the form of sills, as quartz-porphyry, rhyolite, orthophyre, trachyte, 
diorite, melaphyre, diabase, dolerite, basalt, serpentine and others. The 
remarks above made regarding the connection of intrusive bosses with 

1 A. G., Trans, Roy. Soc. Edin. xxix. p. 492. Clough, Geol. May. 1880, p. 438. See 
also J. J. H. Teall, Q, J. G. S. xl. p. 247 ; xlviii. p. 104, and Stecher’s papers already cited. 

2 ‘ Geology of the Henry Mountains,’ U.S. Geog. and Geol. Survey, Washington, 1877 ; 
Joum. Geol. iv. p. 816 ; Whitman Cross, Uth Ann. Rejo. U.S. Geol. Siiru 1892-93. A 
similar structure was figured and described by C. Maclaren, ‘Geol. of Fife and Lothians,’ 
1839, pp. 100, 101. The gabhros of Skye have been injected in this way into the sheets of 
the great basalt-plateau. A. G., Tr mis. Roy. Soc. Edin. xxxv. (1888), p. 122. See also 
J. n. Dana, Amer. Journ. Sci. xliii. (1891), p. 79. 
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volcanic action may be repeated with even greater definiteness here. 
Intrusive sheets al)ound in old volcanic districts, intimately associated 
with dykes and surface-outflows, thus bringing before our eyes traces of 
the underground mechanism of volcanoes. They frequently occur among 
the rocks that lie beneath a mass of ejected lavas and tuffs, or traverse 
tl\e lower, sometimes even the upper parts of the volcanic mass. In 
some cases, therefore, they may mark later stages of eruption when the 
orifices of discharge had become choked up and the subterranean eneigy 
only sufficed to inject the magma between the bedding of the rocks 
below ground but not to impel it to the surface, while in other instances 
they may belong to tlie time before the magma had been able to effect 
an egress to the surface, and when it was consequently forced between 
the strata at some depth below. It is observable that later intruded 
masses are often more acid than the lavas previously erupted.^ 

Among the Faheozoic and Tertiary volcanic regions of Britain numerous illustrations 
of a.ssociated .sills are to he found. Some of the most striking are those that emerge 
from beneath the great erupted masses of Arenig and Bala age in North Wales. Admir- 
able examples occur among the Carboniferous volcanic rocks of the basin of the Forth.- 
The Tertiary sills injected among Carboniferous and Cretaceous rocks of Antrim and 
the J iira.ssic roek.s of the Inner Hebrides are likewise conspicuous for size and abundance. 
The extent to which lava may be injected in thin layers between the planes of the 
strata is strikingly displayed near the base of the great basalt plateau of Skye. In 



3IjO.— T hin luirusivc Sheets and Veins injected into carbonaceous shales lying between lavas, 
south of Portree, Skye. 

Fig. 309, foi- example, a section i.s represented of a band of carbonaceous shale, eight or 
nine feet’thiek, intercalated between a slaggy vesicular dolerite {a) and a finely vesicular 

(1888), p. 143. g. /. a. S. xlvlii. (1892), Address, 
p. 177. 'Aiicic.iit Volcanoes of Great Britain,’ ii. p. 477. 

- T;7///.s'. An/A Bor. KtJin. xxix. p. 474. . , ' 

*' Op. eU. XXXV. (ISSvS), p. 111. ‘Ancient Volcanoes of Great Britain,’ chaps, xlii. 

xliv- and xlviii. 
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yls (c) /hicli cross the thinner sills or (r) traverse the overlying basalt (/■ I';;;;';/;;. 

the latest rock of the group is the dyke ((/). Such a section bungs vn i( 3 

mind the energy and persistence with which molten material " 

those platforms whereon, as in this shale band, it could most easily force lU uay. 


§ 3. Veins and Dykes. 

‘vein” is rather vaguely employed by geologiKts. 

/• • 1 j j n -■ 1. i 


The term “vein” is rather vaguely empioyea uy geoK.g.r,!- I _ 
used as the designation of any mass of mineral matter which has so .<1. umI 
between the separated walls of a fissure. When this minonil niattor 



Fig. 310.— Intrusive Veins and Dykes of Andesite in Tuff of a Volcanic “ Neck,” KeiifrcwHliir*'. 


been deposited from aqueous solution or from sublimation, it forms what 
is .known as a mineral-mn (p. 812). When it has been injected in a 
molten or pasty state into some other rock, it is an eruptive vnn, or, if 
in a vertical wall-like mass, a dyke. When it forms part of the ig;ncouH 
rock in which it occurs, but belongs to a later period of consolidation 
than the portion into which it has been injected, it has been calkjd a 
contemporaneous vein. When it has crystallized or segregated out of the 
component materials of some still unconsolidated, colloid, or pasty rock, 
it is called a segregation vein. 

Eruptive or Intrusive Veins and Dykes are portions of once-melt(‘d, 
or at least pasty matter, which have been injected into rents of pireviouHly 
solidified rocks. When traceable sufficiently far, they may be seen to 
^ ‘Ancient Volcanoes of Great Britain/ ii. p. 311. 
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^^well out ;in(l merge into their parent mass, while in the opposite direction 
they may become attenuated into mere threads. Sometimes they run for 
tmuiy y<Li(]s oi miles in toleral>ly straight lines. AVhen this takes place 
nlong vertical or highly-inclined stratification, they look like interstrati- 
fie.d beds, though really intrusive. They may frequently be found to 
break across the bedding in a very irregular manner. 

N(J rock exhibits iiioro instructively than granite the numerous varieties of form 
assumed by Ve ins.^ Three distinct kinds of granite veins may be observed. 1st, Pro- 
tru.sions of the ordiiiniy granite 
extending from tluj main masses 
into the. surrounding I'ocks and 
■dtnnoristrating the intrusive char- 
acter of the granite (Figs. 311, 

313). TheH<i varying in breadth 
fruin several fee,t or many yards 
down to fiint lilanients or threads, 
an.^ ol'ten remarkably abundant 
and markedly irregular in the 
manner in which they Ijraneh 
and inttu'se.et. Wliere they are 

yar.l8 broa.l their t.jxturc, 3n.-G™,ite Veins, 

at least in tins (amtral ])artH, may 

not .s(jnHildy diifer from that of the main granite mass, though it is apt to become 
liner espeeially as the vtdns diminish in breadth. It has hecn already pointed out 
that round some bosses of granite the adjacent rocks azv injected or impregnated 



aiLt Her ti<m <if grauRii (e), Heading a network of veins into slate (b); Cornwall (i?.). 

with abundant minute tlii’cads or veins of granite-substance, like layers or leaves parallel 
witlii the stratification or foliation, and that the absence of ‘‘chilled" edges may be due 
t(j the high bunpm’ature of the rocks into which the granite was injected (p. 728). , 

In the Tertiary volcanic, districts of the \ve.st of Scotland large bodies of granite and 
granophyre havc^ been intnnh^d into otljer volcanic rocks. Not only has the acid 

J Clredner, Z D. O, (1875), p. 104; (1882), p. 500. E. Kalkowsky, og;. cit. (1881) 
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material filled up broad fissures, so as to form conspicuous dybos, but it has been 
into a network of minute cracks, as if «.c invaded rock bad boon sliattered by m i,,, ti. 
explosions before the entry of the granitic magma (Ing. ^ r.iuJv** 

Besides a usual greater closeness of texture tlian that ot tberr parent 

veins sometimes present consideralile. ‘rciif'ch 
in niineralogiCfil composition. 1 be, mica, loi «‘X" 
ample, may be reduced to cxf^i'edingly mi unto 
and not very abundant Hakes, and may almost 
disappear. The quartz also occasionally assnuics 
a subordinate place, and tbe rock ot the \eins 
passes into one of the varieties of febsite, quart/. • 
porphyry, elvanite, aplite, or eurite.’' 

It is in the motainorpbosfui hell eneireling an 
intrusive boss of granihi, that eruptiv<! veins* are 
typically developed and most readily 
In Cornwall, for example, the slates around tin* 
granite bosses are abundantly traversed by veins 
or dykes of granite and of quartz- pta'phyry 
{dmns\ which are most numerous near tin- 
granite (Fig. 314). They vary in width from a 
few' inches or feet to 50 fathoms, their ei‘ntral 
portions being commonly more coarsely crystalline than the sides. They freipmntly 



Pig. 313.— Section of two sheets of gabbro, 
the lower of which has been ijenetratetl 
from below by a multitude of irregular 
vein.s of grauopliyre, St. Kilda. 
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Fig. 314.— Map of part of the Mining District of Gwemiap, Cornwall (/!.). 
a a, Granite ; c c, Schistose rocks ; 6 fa, Elvaii dykes ; “ Greenstone ’’ ; r v, d d, two intcr»<ietiii« - 

of uiineral-vein.s. 

enclose angular fragments of slate (p. 724). In the great granite region of IteimMir r 
^ ‘Ancient Volcanoes of Great Britain,’ ii. p. 413. 

2 See a reference to the Bodegang, ante, p. 208; also Hawes, Amer. Jovrn. Svi i.\i. 
(1881), p. 244. 
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Jukes traced some of the cl vans for several miles running in parallel bands, each only 
a few feet thick, with intervals of 200 to 300 yards between them. Aromid some of 
the granite bosses of the south of Scotland similar veins of felsite and jiorphyry abound. 
The granite of the 'VV'ahsatch Alountains in Utah, which rises through the Upper 
Carboniferous limestones, converting them into white marble, sends out veins of graiiite- 
porphyry and other crystalline compounds. In short, all over the world it is common 
for eruptive bosses of this rock to have a fringe of intrusive veins (Apophyses). 

2. Yeins which cut through the granite itself, tliougli they must be regarded as 
later than the rock Avhich they actually traverse, may yet represent lower, still liquid 
portions of the granitic magma which have been forced by earth-movements into rents 
in the partially or wholly solidified granite. They are generally hner in grain than tbe 
granite around them, and differ more or less from it also in composition, espiecially 
in their greater acidity (Fig. 315). 

3. Pegmatites or pegmatitic veins (Fig. 315) are distinguished hy the manner in 
which their component minerals, notably the quartz and felspar, are iiitergrown (see 
j)p. 128, 206). Much discussion has arisen as to the origin of such veins. They 
•evidently cut the ordinary granite and in so far may be regarded as intrusive veins. But 
they could not have heeii injected in their present ci-ystalline condition. Their material 
may have heen squeezed up from some lower, still liquid piart of the granitic magma, 
but their remarkable crystalline structure must have been afterwards superinduced by 
some process of segregation or rearrangement and crystallization of their materials.^ 

Many other eruptive i-ocks (diorite, diabase, melaphyre, basalt, &:c. ) present admirable 
■examples of intrusive (even qiegraatitic) veins. These are generally distinguished from 
those of granite by the much feebler noetaniorphisni with whicli they are attended. 

The ‘‘Contemporaneous Teins^’ of older writers included those veins 
in crystalline rocks which tliougK differing sufficiently from the surround- 
ing material to he easily distinguished, resembled it so closely as to 
indicate that they were probably a part of it. The veins above described 
under No. 2 are examples. But they are not confined to granite, 
since they may not infrequently he o])served in sheets of gabbro, diorite, 
dolcrite, diabase, <aiid other eruptive rocks (Fig. 316). They are more 
particularly to be seen in sills and bosses. They run as straight, curved, 
or branching ril)ands, usually not e.vceeding a foot in thickness. They 
are finer in texture tlian the rock which they traverse. Cdose examination 
of them shows that, instead of being sharply defined by a definite junction 
line with the enclosing rock, they are welded into that rock in such a 
way that they cannot easily he broken along the plane of union. This 
welding is found to ):)e due to the mutual protrusion of the component 
crystals of the vein and of the surround in g rock — a structure sometimes 
admirably revealed under the microscope. Veins of this kind evidently 
point to some process whereby, into rents formed in the deeply buried 
and at least partially consolidated or possibly pasty or jelly-like mass, 
there was an injection of similar material from some still imsolidified part 
of the mass, with a transfusion or exosmosis of some of the crystallizing 
minerals along the mutual boundaries. Such veins are to be distin- 
guished from the true “ Segregation -veins,’' which are irregular bands, 

^ The student will tind a historical .suiuinary of opinion as to the origin of pegmatite veins 
in Professor Brogger's great work on the minerals of tlie syeiiite-xjegmatite veins of Son them 
jNorway, Part i. p. 215 et scq. He distinguishes four successive pliase.s in the development 
of the.^e vein.s, ppn 148-181. 
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usually of more coarsely crystalline material, not infrequently to be seen 
in intrusive sheets, wherein the constituent minerals have crystallized out 
ill a much more conspicuous form than in the main mass of the sur- 
rounding rock along certain lines or around particular centres. These 
are probably due to some kind of segregation from the surrounding 
mass, though the conditions under which it took place have not yet 
been satisfactorily explained.^ Segregation- veins occur among the crys- 



Fig. 315.— Pegmatite Vein asKociated with foliated granite. Rubislaw Quarry, Aberdeen. 
g g, Ordinary graiiito of the mass ; pjy, coarse pegmatite veims ; s s, foliated granite passing insensibly 
into g ; q, mass of quartz. The black patches in p and q are nests of schorl. 

talline schists and even in sedimentary rocks wliich have been crushed and 
metamorphosed, as in the Torridoii arkose of Loch Carron (Fig. 268). 

Along the margin of segregation-veins in granite a foliated structure 
of the rock may be occasionally observed, as in some of the large granite 
quarries near Aberdeen (Fig. 315). Coarse pegmatite veins abounding 



in large plates of muscovite, black tourmaline, and quartz, with occasional 
crystals of beryl and other minerals, merge into the surrounding granite, 
which for a few inches along the contact has a foliated structure precisely 
For some illustrations see Trans. Roy. Soc. Edin. xxxv. (1888), pp. 113, 115, 118, 131. 
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resembling that of a fine gneiss. This foliation may indicate motion of 
the granite mass along a line of fissure, while the rock itself or the 
material forced up into the fissure was still capable of molecular re- 
arrangement. 

Dykes are veins of eruptive rock, filling vertical or highly-inclined 
fissures, and are so named on account of their resemblance to walls 
(Scofke, dykes). ^ Their sides are often as parallel and perpendiculai;.;^as 
those of built walls, the resemblance to human 'workmanship being 
heightened by the numerous joints which, intersecting each other along 
the face of a dyke, remind us of well-fitted masonry. ^Yhere the surround- 
ing rock has decayed, the dykes may be seen projecting aboA^e ground 



Fig. 317. — Dykes in volcanic tulfofa “ neck” ; sliore, Elic, FitV. 

exactly like walls (Fig. 317); indeed, in many parts of the west of 
Scotland they are made use of for enclosures. The material of the dykes 
has in other cases decayed, and deep ditch-like hollows are left to mark 
their sites. The coast-lines of many of the Inner Hebrides and of the 
Clyde Islands furnish numerous admirable examples of both kinds of 
scenery. Dykes are characteristically displayed round volcanic centres. 

The term dyke may he applied to some of the wall-like intrusions 
of quartz-porphyry, elvanite, and even of granite, but it is more typically 
illustrated among the basic and intermediate igneous rocks such as basalt, 
diabase, andesite, diorite, t^c., while occasionally dykes may be ol>servc(l 

1 On the Mechanism of Dykes see Mallet, Q. J. Q. jS, xxxii. (1876), p. 472. The 
structure of dykes is fully discussed in ‘Ancient Volcanoes of Great Britain,’ particularly 
in reference to those of Tertiary time. For an account of another dyke region see J. F. 
Kemp and V. F. Masters on those of Lake Champlain, Bull. U. S. O. K No. 107 (1898) ; 
the dykes of the Christiania district are described in Brdgger’s work on the Syenitpegrnatil- 
giinge, already cited.' 


744 


G.EOTEOTONIC {KTRUCTUBAL) aKm.ntSY 


IJOOK JV 



of even tuff‘ and volcanic agglomerateJ VeiiiR have* Ih/.cii irilo 

irregular branching cracks; dykes have been tornied by tin* welling 
upwards of liquid or plastic rock in vertical or sttnqdy inclined 
though obviously there is no essentia! diHenmcc betwen*!! tin* two t<U‘ni.s 
of structure. Sometimes the line of esca]>e has iH‘(‘n aJoiig a fault, lii 
Scotland, however, which inay 1)0 regarded as a typical r(*gin!i for this 
kind of geological structure, the vast inajority ol dy k(‘s rise. aJong joitits 
or fissures which have no throw, and an^ tiu‘.refore fiot faults. (h\ tin* 
contrary, the dykes may be traced undeflected across some of the. largest 
faults in the midland counties. 

Dykes differ from veins in the greater paralhdisni of their sights, their 
vcrticality, and their greater regularity of ])rea{lth and persist j'jice et 
direction. They sometimes occur a.s mere platens of rock not more than 
an inch or two in thickness, at otlnu* times they attain abr«*aflth of twei\ <‘ 
fathoms or more. The smaller or thirmer (lyk(‘H can wddom be traced 
more than a few yards; but tlie larger e.Kam})le.s may be followefl s(»me 
times for many miles. 

Thus, ill the south and west of Scotland, a romarkahlo HfU'ieH of haNalt and juidrsitf' 
dykos can bo traced across all the geological formatimi.H of tliat rfgifui, iiedudniy the 
older Tertiary liasalt-platoaiux. Th(3y run parallel to each oilier in a imni} \\v:A 

and south-east direction for distances of twenty and thirty inilcH, inereaninK in im?nl‘*n h 
towards the north-west, and they have been asHigned to the great volninie a«iivsl v of 
Tertiary time. A dyke of the same series ero.sscs the north of Knghuid, ft oni iif-ar tie* 
coast of Yorkshire for about 100 niiles inland. A romple.x Mystcin «»f nnrisive pre* 
Cambrian dykes traver.Hcs the Areluean gneiss of N.W. Se.otlamh 

Though the wnll-like form is predorninnnt among dyke.s, it may readily 
pass into vein-like ramifications and intrusive slieets (Figs. .TUd, dfdj, 



dlO). Th(! nioltcm material took the eimu 
nels that happened to be most nvaihible. 
If the fissure bent oil* a4 an angle from iin 
previous trend, or if another adjacent Iim 
sure happened to he nmn^ eonvtmienf, the 
eruptive rock might change ifn eoiii^r*. 
Again, while tin*. as(a»nding lava, under flie 
hydrostatic pressure, of the maHs Iwhev, 
rose ill one main fissure, porf.iiiiis of' it 
might find their way into ni*ighboiiriiig 
parallel rents, and enclose wall 'like portioiiH 


Pig. 31S.--I>iau of dyk.^H (WO enttinK of rock witliiii the (lyki*, as in Fig. :ii s, 
Handskmo (e a) 5 Hliore, (luuroek, lieu- i ^ ^ i i i*i i , 

fVewslilre. wlicro thc toUl bn*adth of the. niaiii dvki*, 


including the sandHlone between tlie two 
arms, is about thirty feet, the sandstone being gcmtly inelined, and the 
portions enclosed lietween the arms of the dyke having been grivitly 
indurated. 


It must be kept in mind, however, that irregular expaiiHfoim and eon 
tractions of dykes may sometimes be caused by BubHric|U(mt movemefiis 
of the ten-cstrial crust. The dykes, for instfuice,\nay be pliciiUid fogigder 


^ The occurrence of “Haiidatoiie dyke.s” lian already been noticed, p. lUi:,, 
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with the rociks ainori^ which they have been iTitriidcd, and the folds may 
aftPi-wai’ds he pressed in such away jus to give rise to alternate or irregularly 
diHirihuied (oilargeinents urid constrictions, or a similar effect may be 
produced )»y sliearing or hy faulting.^ Mr. Olougb has found that in a 
great syshim of dykes traversing the crystalline schists of Argyllshire 
frt!(jU(*nt atteiuiations of the dykes are produced by faults. 

In int(;rrial structui-e, consideralde difiereiices may be detected among 
tiykes. ’'The rock may appear {a) with no definite structure of any kind 
beyond irrt^gulai’ jointing ; (b) columnar, the prisms striking off' at right 
angles from tlu^ wjdls, and eitlier going comidetely across from side to 
sid(‘j or hjavirig a central nan-columnar part in which they branch and 
lose theniBcdves ; wdien the side of a dyke having this structure is laid 
hare, it pr(‘.scuts a network of 
polygonal joints formed liy 
iIh^ ends (tf the prisms which, 
if the dyke, in vertical, lic3 of 
i'aurse in a horir.ont^il position, 

%v!uuK;e they depart iri pro})or- 
tinn ns dyke is inclined : 

^arcasionally tlie prisms arc as 
well 'foiuned as in any columnar 
hod of Imsalt ; (e) jointed 
prirallcl with the walls, the 
joints being Hoinetimcs so close 
as to enuHB the rock to appear 
as if it c.onHisUul of a series 
c)f vertical plates or Ktivita : 
tliis platy character is due 
doubtless to contraction in 
cording between parallel walls, and when it occurs in basalt-dykes is best 
diweloped near tluj margins ; (d) vesicular or amygdaloidal, lines of minute 
v<?Hiclcs having brjen formed parallel with the walls, and attaining their 
gre.atcHt n urn her and size along the centre of the dyke (big. 319). 

As a I'uh^, the outer ])arts of a dyke of crystalline rock, like the 
upper and under surfaces of an intrusive sheet, are finer grained than 
the centre, sometimes, where the chilling of the molten rock has been 
• rapid, passing into a veneer of glass. Basalt veins have not infrequently 
stick an external vitreous coating (tachylyte, hyalomelan, &c.) It 
oecasiorially happens «also that the central jiortioris of a basalt or andesite 
dykc 3 are glassy, of which structure several cases have been observed in 
Scotland; perhaps in these instances the dyke has opened along its centre, 
and a fresh uprise of more glassy material has risen in the fissure.- 

Jn soTn(} liroad dykes there has been room for a certain amount of 
diffhrcsntiatiori during the cooling of the mass. Professor A. C. Lawson 
has described some ex:uriiplcs from the Itainy Lake region of Canada, 

^ Onuiiaiv tlift Htructure illustratod Ilf Fig". 346. ^ckj also Harker, GeuL Mag. 1889, p. 

iiial the aceoinit of thfi pre- Cam hriaii rocks iii Book VI. Fart I. 

^ Se« /It a/. Sue. v. (1830), p. 241. 
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winch show a considerably greater percentage of silica in the centre tlnu^ 
at the sides. In one case, while the margin had the characters of fxY> 
andesite with 47*8 per cent of silica, it shaded off inwards into an ophiti<^ 
diabase, and then into a uralitic quartz-gabbro, in which the proportion of 
silica was found to be 57*5 per cent.^ 

Multiple and Compound Dykes.- — Numerous examples have? 
been observed where a dyke has been formed by n:iore than one intrusior^ 
of molten material. The original fissure, after having been filled wntb 
the intrusive material, has again been rent open and has once more been 
occupied by a similar injection. This re-opening of a fissure has some" 
times occurred repeatedly. A remarkable instance may be seen on the? 
island of Seil, Argyllshire, where no fewer than ten distinct intrusioni^ 
can be counted between the walls of a single fissure (Fig. 320). Somo 



Fig. 320. — Multiple dolerite-dyke traversing and Fig. 321.— •Compound dyke, Market Stand, 

enclosing Mack slate, Seil Island, Argyllshire. Broadford, Skye. 

ft, strongly spherulitic Granophyre ; ?; 5, Basalt 
dykes ; c c, Torridon Sandstone. 

of these separate hands of similar material are distinguished from eacli 
other by a narrow selvage of black glass, w^hicli is occasionally two 
inches broad but dies away into a mere film, while one of them displays 
cavities 3 or 4 inches in diameter, lined with pea-like spherules of glass/^ 
In some cases the subsequent infilling has been supplied by a totally 
difierent material from that of the first. Hence arise Compound or 
Composite dykes (Fig. 321).^ The earliest injection may have consisted 

^ Araer. GeoL vii. (1891), p. 153 ; Froc. Gamed. Inst. 1887, p. 173 ; Ann. Ee/p. Oeol. 
Star. Canada, 1887-88, Part F. More usually the vitreous part is more siliceous than the 
rest of a basic rock {ante, p. 236). 

- ‘Ancient Volcanoes of Great Britain,’ ii. p. 159. 

Summary of Progress of Geological Survey for 1898, p. 155. An excellent example of 
a multiple dyke is described by Professor A. C. Lawson from the north-east of Lake 
Superior, where in a breadth of 14 feet no fewer than twenty-eight separate bands of diabase 
from one to 6^ inches broad traverse a mass of granite. Atner. Geol. xiii. (1894), p. 293. 

Professor Judd has described the remarkable examples first brought to notice by- 
Jameson in the island of Arran. Q. E G. S. xlix. (1893), p. !536. 
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of andesite, basalt, or some other dark rock, rich in ferro-niagnesian con- 
stituents, while the later maj be a pale acid rock, such as granopliyre or 
granite. Although the later intrusion mav traverse the earlier igneous 
mass in any irregular manner, it has loeeri observed among the Inner 
Hebrides, where dykes of this type are by no means rare, that the basic 
and acid constituents are usually ranged as parallel bands, an acid one in 
the centre, with a more basic band on either side. The evidence where 
obtainable shows that the acid part of these dykes is latest, and that it has 
not split a basic dyke up the middle but has forced its way iDetween the 
two portions of a double dyke, sometimes invading a multiple dyke, 
cutting a portion of it obliquely, and even dissolving a portion of the basic 
walls between whicb it ascended.^ 

Intersecting Dykes. — In volcanic districts it has frequently hap- 
pened that new fissures have 
been opened across already 
existing dykes, and that they 
have been filled by 'the uprise 
of fresh lava in them. Hence 
some dykes are found to be 
intersected by others. "While 
the mere fact of this intersec- 
tion may he taken to sho’w a 
succession of injections of 
molten material, it is not 
always ecasy to determine which 
is the older of two dykes. As 
a general rule, however, the 
presence of the fine-grained 
margin or “ chilled edge ’’ may 
he relied on as a test of relative 
age. The dyke which carries 
its chilled edge” across another dyke must be the later of the two; 
or when this criterion fails, it may be possible to determine that the 
^‘chilled edge’’ of one of the dykes is truncated by the other, and con- 
sequently marks the older intrusion. In some regions extraordinary 
complications have arisen where the ground has been repeatedly fissured, 
and where successive injections of lava have been made into the rents. 
In Tig. 322, for example, at least five dykes intersect each other. Three 
of these have the prevalent north-westerly trend. They are cut T)y one 
which runs a little north of east, and this is in turn traversed hy one 
that trends in a north and south direction.^ 

Effects on Contiguous Eocks. — These are similar to the changes 
produced hy intrusive sheets and other eruptive masses. Induration is 
the most frequent kind of alteration. Remarkable examples have been 
observed where limestones in contact with dykes have had a saccharoid 
crystallization of the calcite superinduced upon them, and where even 

^ "Ancient Volcanoes of Great Britain ’ ii. p. 161. 

^ O/j. at. ii. p. 159. 
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new crystalline silicates have been developed. This .subje<‘t- 
particularly discussed at p. 76G, under the head of Contact in(‘taiii«»rplii.uji. 

§ 4. Necks. 

Under this term arc included the filled-np pipes oi* fiiiiinds uf fsa-iiier 
volcanic vents. Every series of volcanic sheets pour(‘d out at the surface* 
must have been connected either with fissures, or with (U’ilices drillci! 
through the terrestrial crust. On the cessation of tin* erufitioiis, these 



Fig. Diagrarn-Hiic-tion to hIiow tlm Htructunt of old volcuuic VfiiU, ujid loov tio'V !<*' 

(‘onc’.oaled and exposed 

1, Tuff cone witli basalt pliifj; .still un<ler‘He<linientary ae.cunitilalionH ; *.*, *ru!l vnuv nu’l r;r»,!dt 

plu}; i>artially exposed hy deimduliou. 

orifices have remained filled with lava or with fragmentary nmtfer. Hut 
unless subsequent denudation has removed the overlying cone, a \eijt lien 
buried under the materials which came out of it. So extensive, ln»ue\ er, 
has been the waste of the surface in many old volcanic n^gions that the 
vents have been laid bare. In Fig. :j2:i two volcanic funnc-ls ai'c repre 
sented, one of them still buried under overlying formation*^, the utfirr 



partially exposed by denudation. The study of volcanic Necks liririgii 
before us some of the more deep-seated phenomena of vcdcanic* fiction, 
that cannot usually be seen at a modern volcano. 

A Neck is circular or elliptical in ground-plan, but occasiouftlly more 
irregular and branching, and may vary in diameter from ii few yiirds 
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(Fig. 325) up to two miles, or even more, 
perpendicularly to tlie stratification of 
tlie formation with, which, it is chrono- 
logically connected. Should rocks origin- 
all j horizontal be subsequently tilted, 
a neck associated with them might be 
thrown more or less out of the vertical 
(Fig. 323).' As a rule, however, the 


It descends into the earth 



Fig. 355.— -Plan of Keck, probably of Permian age, 
shore, near St. Monan’s, Fife. 

1 1, beds of limestone ; c, thin coal-seam. ; B, hasalt veins ; 

S, large bed or block of sandstone. The Neck, T, 
mea.sure5 about 60 by 37 yards, j The arrows mark 
the dixj of the strata. 

vertical descent of necks into the earths 
crust appears to have been comparatively 
little interfered with. In external form, 
necks commonly rise as cones or dome- 
shaped hills (Figs. 324, 326, 328, 329). 
This contour, however, is not that of the 
original volcanoes, hut is due to denuda- 
tion. Occasionally the rocks of a neck 
•-have been so worn away that a great 
hollow, suggestive of the original crater, 
Hills, Stirlingshire, y 
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occupies their site. (Fintry 


^ For some .striking views of denuded volcanic necks see Captain Dutton’ .s Eeport on 
Mount Taylor and the Zuiii Plateau, Uh Ann. Jieji. U.S. OeoL Survey, 1884-85. Conip)arc al.so 
Tranti. Roy. &'oc. Edin, x-xxv. (1888), p. lOO; and Geological Survey Memoir ou East Fife, 
190*2. Examples of necks with connected laYa.saud tuffs are shown in Figs. 3‘28 and ;j89. 
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It might he supposed that necks should always ris(‘ mi liims uf 
fissure. But in Central Scotland, where they ahouiid in rucks of 
Carboniferous age, it is cpiite exceptional to find one phuuid cm a fault. 
And they seem' to be often, if not generally, independent ot i lu* sU"u<‘turt‘ 
of the visible part of the crust through which they rise (an/r, p. l! i h 

The materials filling up ancient volcanic orifices may he i>n .^*nnc 
form of lava, as rhyolite, graiiophyre, andesite, galdiro, diaha.se, or hasalt ; 
or (5) the fragmentary materials which fell hack into the throat of tin* 
volkno and finally solidified there. In many instaiictss, hotli kinds uf 
rock occur in the same neck, the main mass consisting of agghmuTate «ir 
tuff with a central pipe or numerous veins of lava. Among tin* Paheozoie, 
volcanic districts of Britain, necks are nob infrequently fillrd with some 
acid rock, such as a dacite, orthophyre or “ felsitt*,” even wlnnv the sur 
rounding lavas may he basic. The great vent of tin*. Braid Hills near 
Edinburgh, belonging to the time of the Lower Old Ih^d Sandstoin*, is 
filled with rhyolitic tiiff containing 70 per cent of silica,, while tin* lavas 
which flowed from it are andesites and dialiases with not mont than hit 
per cent of this acid. 

In some necks composed of eruptive rock, the ma.teria.l appears 
arranged in successive spherical shells, which may supposed to ht* 
due to the protrusion of successive portions of the pasty or viwoms masH 
one within the other, the outer layers thinning away over the crown 
of the dome as they were attenuated by th(i ascemt of fri*.sh material 
from helow.^ Or we may suppose that the top of the }dug HometimeK 
solidified, and that subsequent emissions of lava rose through itmts in 
the crust, and flowed down the outside of the vent. 

The fragmentary materials in necks consist mainly of ditfercuit lava- 
form rocks imbedded in a gravelly peperino-Vike mati’ix moi'r tinely 
•comminuted d6bris of the same rocks ; hut they also contain, Honii‘t imes 
in abundance, fragments of the stmta through which the necks hav«i 
been drilled. When occasionally, as in some of the <»f the Life!, 

these non-volcanic fragments constitute most of the d^hrin (p. we 

may infer that after the first gaseous explosions, the. activity of the. 
vent ceased, without the rise of the lava-column or its ejection in dust 
and fragments to the surface. So unchanged are many of the pie(;«*H of 
.sandstone, shale, limestone, or other stratified rock in the necks, that 
they have evidently never been exposed to any high Luupeniture. In 
some cases, however, considerable alteration is displayed. Dr. 1 1 e 4 Idle, 
from observations in Fife, concluded that the altered blocks in t Im tuff 
there must have been exposed to a temperature of >>etween (HK) itncl 
900° Fahr.2 

Among the numerous vents of Central Scotland, pieces of fine 
stratified tuff not infrequently appear in the agglomerates. This fact, 
coupled with the common occurrence of a tumultuous, fractured, iind 
highly-inclined bedding of the tuff with a dip towards the centric of 

1 Scrope, ^Geology and Extinct Volcanoes of Central Emice,’ 2n(l edition, p. m. 

E. Beyer, Mhrb, Oeol Reichsanst. xxix. (1879), p, 463; and a/ite, p. 329, note 2 ; A, G. 
Tmns. Roy. 8oc. Edin, xxxv. (1888), p. 161. ^ xxviiL p. 487. 
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tlie neck (Figs. 326, 327), appears to show that the pipes were partly 
filled up by the subsidence of the tuff consolidated in beds within the 
crater and at the upper part of the funnel. Further indication of the 
probable subaerial character of the tuff 
is furnished hy abundant enclosed chips 
of wood, which noay have belonged to 
trees or brushwood that grew upon the 
slopes of the cones. These fragments 
were probably entombed in the tuff 
while they were still green and full of 
sap, for they are invariably encrusted 
with crystalline calcite, which was intro- 
duced by infiltrating water, and deposited 
1‘onnd them in the interspace left between 
them and the enclosing matrix after they 
had dried.^ 

It is common to find among necks 
of tuff numerous' dykes and veins of 
lava which, ascending through the tuff, are usually confined to it, 
though occasionally they penetrate the surrounding strata. They are 
often beautifully columnar, the columns diverging from the sides of the 
dykes and ’being frequently carved. 

Proofs of subsidence round the sides of vents may often be observed. 
Stratified rocks, through ’which a volcanic funnel had been .opened, 
commonly dip into it all round, and may even he seen bn edge, as if they 
had been subsequently dragged down by the subsidence of the materials 
in the vent.^ The fact of subsidence, beneath modern volcanic cones has 
already been referred to (p. 310). 



S, sandstones tlirough Avkich tlie Xeck 
lui.s loeeii blown open ; B B, basalt dykes 


A remarkable region for the abundance of its volcauic necks and the cleariie.ss of 
tke sections in wliicli tlieir structure’ and their relations to the surrounding rocks arc 
exposed, lies in the eastern part of the county of Fife, Scotland, to wliicli allusion lia.s 
already been made. In a space of about 12 miles in length by from 6 to 8 in breadth 
no fewer than eiglity vents liave been detected, and others may still be concealed iimler 
superficial deposits. They pierce the various subdivisions of the Carboniferous system, 
and are thus probably post-Carboniferous. They not improbably belong to the same 
volcanic period with the necks and andesite lavas of Ayrshire and Nithsdale, wliicli 
have been regarded as Permian, One great feature of interest in regard to theni is the way 
in which they have been dissected by the sea along the shore. Every detail of their in- 
ternal organisation can thus be studied, and an idea can be formed of the tectonic arrange- 
ment of a volcanic vent such as cannot be obtained from any modern volcano. Some 
of the foregoing illustrations are taken from these Fife necks (Pigs. 325, 326, and 327).*’ 

On the continent of Europe the detached bosses of peperite in Auvergne not 

f : 

1 See the “Geology of East Fife” (Mem. Oeol Sum), 1902, p. 274. 

^ Tmns. Roy. Sec. Rdin. xxix. p. 469. For an excellent example from New Zealand, 
see Heaphy, Q. J. Qeol. 8oc. 1860, p. 245. 

^ These necks were first described in iny Memoir, already cited from Tmns. Roy. Snr. 
Edm. xxix. p. 437 ; but I have recently given a much fuller account of them, with 
numerous diagrams and plates, in the Geological Survey Memoir on tlie Geology of East 
Fife, above cited. 
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improbably mark the sites of some of the oldest and most denuded volc.anic. vents in tituf 
district (p. 176). A remarkable region for necks is tliat of the Swabian Alb of Wurbaii 
biirg^ where 125 separate exarnplc.H have been found. Tii(!y are lUhel with ItiU', bii! 
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sometimes with basalt, and have risen vertically tliroqgh dilFiirtint mmiheti* cif tlir* 
Jurasdo System without apparently the UHsistanee any pri*exi8ting faults or 
They hare been elaborately deHcrilied by Profeasor Bmneo.^ 

1 ‘‘SchwaberiH 125 ?ulkari-Kmbryonen uM dereii tufrerfiillte Auhbru«Ai«P»liri-'ti-'- -liiiH 
grosate Gebiet ehemaliger Maare aaf der Erde,” TiiWngei, 1894. 
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Effects on Contiguous Eocks. — The strata round a neck arc 
usually somewhat hardened. Sandstones have acquired a vitreous lustre ; 
argillaceous beds have been indurated into porcellanite ; coal-seams have 
been fused, blistered, burnt, and rendered unworkable. The coal- workings 
in Eife and Ayrshire have revealed many interesting examples of these 
changes, which may be partly due to the heat of the ascending column of 
molten rock or ejected fragments, partly to the rise of heated vapours, even 
for a long time subsequently to the volcanic explosions. Proofs of meta- 
morphism, probably due to the latter cause, may sometimes be seen within 
the area of the neck itself. Whore the altei^ed materials are of a fragment- 
ary character, the nature and amount of this change can best be estimated. 
What was probably originally a general matrix of volcanic dust has been 
converted into an indurated more or less crystalline mass, through which 
the dispersed, blocks, though likewise intensely altered, are still recognis- 
able. Such blocks ^s, from the nature of their substance, must have 
offered most resistance to change — pieces of sandstone or quartz, for 
example — stand out prominently in the altered mass, though even they 
have undergone more or less modification, the sandstone being converted 
into vitreous quartzite.? 

Section ii. Interstratified, Volcanic, or Contemporaneous Phase of 

Eruptivity. 

The phenomena of volcanic action, together with the products and 
structure of volcanoes having been already discussed in Book III. Part 
I,, we have now only to consider those features of the subject which 
distinguish the volcanic rocks* of former ages, which enable us to follow 
the progress of volcanism in the past and which fix the dates of the 
successive eruptions. It is evident that, on the whole, the masses of 
volcanic material which have beqn erupted to the surface must agree in 
lithological characters with rocks already described, which have been 
extravasated by volcanic efforts wnthout quite reaching the surface. Yet 
they have some well-marked general characters, of which the most 
important may be thus stated. (1) They occur as beds or sheets, some- 
times lava-form, sometimes of fragmental materials, which conform to the 
bedding of the strata among which they are intercalated. (2) They do 
not break into pr alter overlying strata, though they have sometimes 
ploughed up and involved portions of the sediment underneath them 
and over which they flowed. (3) The upper and under surfaces of the 
lava-beds present commonly a scoriaceous or vesicular character, which may 
even be found extending throughout the whole of a sheet. (4) Fragments 
of these upper surfaces not unusually occur in the immediately over- 
lying strata. (5) Beds of tuff are frequently interstratified with sheets 
of lava, but may also occur by themselves, intercalated ^mong ordinary 
sedimentary strata. 

A record of the feeblest display of contempoz'aneous volcanic energy 
in any old group of rocks is furnished by a band of interstratified tuff, 
marking a single volcanic eruption* A succession of such bands indicates 
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a series of similar discharges, and (ivery inteniiediatii stage may Im‘ 
illustrated by exaTn[»lcs u|) to a mass of lavas and lulls many tlnaisands 
of feet in thickness intercalated among siMlimimtaiy deposits. 

In the investigation of former volcanic action the (h‘teetion of true, 
volcanic tutf is of fundamental im])ortarice. While the o!»crvm* may 
be in doubt whether a particular lied of lava has lieen poiiusi out at the 
surface as a true flow, or has consolidated at some depth as a silb and, 
therefore,- whether or not it furnislics evidence of an act.ual voI(‘ani<‘ out 
break at the locality, he is not liable to the sann* uncertainty among tlie 
fragmental eruptive rocks. Putting asiih*. the occasional breceiated 
structure seen along the edges of {ilutonic intrusivi* nu'is.ses, he may 
regard all the truly fragmental igneous rocks as proofs of volcanic aetimi 
having been manihisteil at the surface. Thc‘. agglomerate foitml in a 
volcanic neck could not have lH‘en foi'meil unl(‘.sH the vapours in the 
vent had been alile to find their way” to the surface, and in ho doing 
to blow into fragments the rocks on the siUi of tlu». vent as well as the 
upper ])art of the ascending lava-column.* WhermiT, thendore, a bed 
or series of beds of tuli’ occurs interstratifie.d in geological formations, 
it points to contcunporaneous volcanic cnij)tionH. Hence the valm* of 
these rocks in interpreting the volcanic anmils of a region. 

The fragmentary ejections from a volcano or a cr>oling Java stream 
vary from the coarsest agglomerate to tluj finest tuff, the coarser 
materials being commoidy found muirest tc» the source of dineharge. 
They naturally differ in comjiosition, acirording to tlu^ nattu'c. of tlie lavas 
with which they arc associated and from whiidi they have been dtulvrd. 
'Whore the lavas are basic or acid, so likenvise the tufls arc? expedaKl fo be, 
though, as has boon above stated (p. 712), instamais have been observed 
where, owing to the [wesence of a heterogeneouH magma m* of twodiMtinct 
magmas, showers of acid fragments have alternatiHl with the t»utflow 
of intermediate or even basic lavas. The fi-agnumtary mattm' ejinUed 
from volcanic vents has hilleri partly back into tJie funnels of diHt'harge, 
partly over the surrounding area. It is a|)t, therefore, to be more or 
less mingled with ordinary sedimentary detritus. We fhid it, indf*i*d, 
passing insensibly into sandstone, shale, limestone, and titliitr Hii'iita. 
Alternations of gravelly peperinoAiki^ tuff with a very finegrained “ash 
may frequently be observed. Large blocks of lavaToruu n>ck, its well m 
of the strata through which the volcanic (^xplosiorm have takiui pliice, 
occur in the tuffs of most old volcanic districts. Or;caiiofially such 
ejected blocks as well as bombs, derived from the exjuilsion of molten 
material, are found among the fine shales and ot}it‘r strafcii, tlif^ 
lamination of which is bent down round them in such a way us to slioiv 
that the stones fell with considerable force into the still soft and vielciing 
silt or clay (Fig. 330).'^ 

■Volcanic tuffs and conglomerates occur in interstratifiiMi beds without 

^ It in conceivable*, an already ntated, that wliere a nainH i#f liivii wiw a 

subtemmean cavern, fraKinentary diHebarges might take pke# and partly fill* that rsvily ; 
but such exceptional cancH are probably extremely rare. 

^ See (leol. Mart. i. (1864), p. 22. 
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any accompanying lava, much more commonly than do infcerstratified 
sheets of lava, ivithout beds of tuff; just as in recent volcanic districts, it 
is more usual to find cones of ashes or cinders without lava, than lava- 
sheets without an accompaniment of ashes. Masses of fine or gravelly 
tuff*, several hundreds of feet in thickness, without the intervention of any 
lava-hed, may he observed in the volcanic districts of the Old Red Sand- 
stone and Carboniferous systems in Scotland. These furnish evidence of 
long-continued volcanic action, daring which fragmentary materials were 
showered out over the water-basins, mingled with little or no ordinary 



rig. 330. — Ejected volcatlie bloelv(12 x 15 x 17 iuclies) in Lo\ver Carboniferous Shales, Pett;^cur, Eife. 


sediment. On the other liand, in these same areas, thin seams of tuff 
interlaminated with sandstone, shale, or limestone, afford indications of 
feeble intermittent volcanic explosions, whereby light showers of dust were 
discharged, which settled down quietly amidst the sand, mud, or limestone 
accumulating at the time. Under these latter circumstances, tuffs often 
become fossiliferoiis ; they enclose the remains of such plants and animals 
as might be lying on the lake-bottom or sea-foor over which the showers 
of volcanic dust fell, and thus they forma connecting link between aqueous 
and igneous rocks. 




-As illustrations of the nature of the strati^n-aphical evideiice for former conditions of 
volcanic activity, fiiriii.slied "by intercalations of 
tuff*, some exainple.s from tlie Carboniferous forma- 
tions of Britain may here be given. In Fig. 331, 
from the Calciferous Sandstone series of Linlithgow- 
shire, the successive conditions of the floor of a 
lagoon are presented to our view. At the bottom 
of the section lies a black shale (1) of the usual 
carbonaceous type, with remains of terrestrial plants. 

It is covered by a bed of nodular bluish-grey tuff 
(2), containing black sliale fragments, whence we 
may infer that the underlying or some similai* shale 
was blown out from the site of the vent that 
furnished this dust and gravel. A second black 
shale (3) is succeeded by a second thin band of fine 
pale yellowish tuff (4). Black shale (5) again super- 
venes, containing rounded fragments of tuff, perhaps 
lapilli intermittently ejected from the neighbouring 
veut, and passing up into a layer of tuft (6), whicli marks how the volcanic activity 
gradually increased again. It is evident that, but for the proximity of an active 



Eig. 381-— Section of iiiterstratifi cations 
of tuff and .shale, old Quarry, Wester 
Ochiltree, Linlithgowshire (Lower 
Carboniferous). 
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volcanic vent, there would have been a continuous deposit of black mud, the conditions 
of sedimentation having remained unchanged. In the next stratum of shale (7), thin 
seams and nodules of clay-ironstone accumulated round decomposing organic remains on 
the muddy liottom. A brief volcanic ex])losion is marked by the thin tuff-bed (8), after 
which the old conditions of deposit eontinued, the bottom of the water, as the shale (9) 
shows, being crowded with ostracod crustaceans, while fishes, whose coprolites have been 
left in the mud, haunted the locality. At last, however, a much more powerful and 
prolonged volcanic explosion took place. A coarse agglomerate or tuff (10), with blocks 
sometimes nearly a foot in diameter, was then thrown out and overspread the lagoon. 

A scene of a somewhat different kind is revealed by the section drawn in Fig. 332, 



Fig. 332.— Section in quarry of Carboniferous 
Limestone, Limerick. 

1, Limestone ; 2, Calcareous tuff; 3, Ashy 
limestone or bigbly calcareous tuff. 



Fig. 333.— Section in Wardlaw Quarry, 
Linlithgowshire. 


which represents a thickness of about 15 feet of strata. The lowest rock visible is a 
black, tolerably pure limestone, formed of organisms which lived on the sca-floor. As 
it is followed upward it is seen to be interleaved with thin partings of fine greenish 
calcareous tuff, each of which marks a separate eruption from some neighbouring 
volcanic vent. The intervals between the successive explosions must have been long 
enough, not only to allow the water to become clear, but to permit the calcareous 
organisms once more to spread over the bottom and form a layer of limestone. Half- 
way up the section the volcanic material rapidly increases in amount until it takes the 
place of the limestone, though its calcareous composition shows that some of the 
organisms still mingled their remains with the volcanic dust that had buried their 
predecessors.^ 

A.s the presence of true volcanic tuff i)roves that molten rock has risen in a vent, 
whence it has been blown out to the surface in the form of dust and lapilli, we may always 
be prepared to find evidence that it also flowed out in streams of lava. In Fig. 333, 
for example, a record is supplied of the outflow of two sheets of lava over the floor of the 
sea ill which the Carboniferous limestone was deposited. The interval of time between 


1 ‘ Ancient Yolcanoes of Great Britain,’ ii. p. 44. 
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their respective eruptions is here represented by <aboiit 20 feet of sediracnts, consisting 
mainly of organically- derived limestone with some intercalations of black mud and grey 
sand. At tlie bottom of the section, a pale amygdaloidal, somewliat altered form of 
basalt (A) marks the upper surface of one of the submarine lavas of the period. Directly 
over it comes a bed of limestone (B) 15 feet tliich, the lower layers of which are made 
up of a dense growth of the thin-stemnled coral, LithostroUoit irrcgitlarc, which over- 
spread the liardeiied lava. The next stratum is a band of dark sliale (C), about 2 feet 
thick, followed by about the same thickness of an impure limestone with shale seams. 
The conditions for coral growth were evidently not favourable ; for the deposit of this 
argillaceous limestone was arrested by the precipitation of a dark mud, now to he seen 
in the form of 3 or 4 inches of a black pyritous shale (E), and next hy the inroad of a 
large quantity of a dark sandy mud, and drift vegetation, which has heeii pore.served as 
a sandy shale (F) containing Oedamites^ FrofZncti, ganoid scales, and other traces of the 
terrestrial and marine life of the time. Finally a sheet of lava, repiresented by the 



Fig. 334 . — Section tlm volcanic group in fclie Carbonif<n’ou.s Limestone, Middle Hope, 

nioutli of Severn, Somerset. 


nppennost amygdaloid (G), overspread the area, and sealed up these records of 
Palicozoic hi.stoiy. 

An example from anotlier })ortion of the same ancient .sea -bottom will serve to 
show liow both tuffs and lavas maybe interstratified in a confonnahle and continuous 
succession of marine organic limestones. It is taken from the interesting volcanic group 
near A^^es ton -super-Mare, and represents the whole of that group, here about 100 feet 
thick, intercalated in the midst of the marine limestones.^ At the bottom lies the 
normal highly fossiliferous criiioidal limestone (1), the depo.sition of which was now 
interrupted. It becomes impure towards the top, where it is covered with a greenisli 
volcanic tuff (2) about 12 feet thick, including calcareous bands. This tutf marks the 
beginning of the eruptions which were ushered in with a discharge of ashes and dust. 
Then came an interval of quiescence, during which the organisms, esp)eeially PmZ'itchiS, 
swarmed over the best volcanic deposit, and built up an irregular sheet of thin- 
bedded limestone (3) three feet thick and upwards. Another eruption now took place, 
which covered up the shells, crinoids and corals, and formed the group of tuffs (4), 
though some of the organisms struggled on and formed lenticular seams of lime- 
stone among the volcanic sediment. They once more were able to gather into thicker 

^ A. Straliaii and A. G. in &mmary of Progress of Geological l^urrey for 1898, pp. 
104-111. 
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continuous seams of limestone (5). The limestone (6) is crowded with tlieir remains, and 
as it has a thickness of 15 feet, it marks a pause of some duration in the volcanic 
activity. This interval was at last brought to an end by a renewed and more energetic 
manifestation of subterranean energy. First came a series of vigorous discharges of fine 
dust and stones, which eventually accumulated to a depth of from 12 to 14 feet of tuff 
(7). A thin layer of chert (8) lies at the top of the volcanic sediment, and is immediately 
overlain with a dull green somewhat decomposing vesicular olivine-basalt (9), 12 to 14 
feet thick, displa}dng marked ellipsoidal structure, and presenting a rugged scoriaeeous 
upper surface. This lava marks the culmination of the volcanic episode in the district. 
It was followed by a time of comparative quiescence, during which occasional showers 



Fig. 335.— Erect coniferous tree-trunk surrounded by and buried under Tertiary basalt, Gribon, 

Isle of Mull. (‘ Scenery of Scotland,’ 3rd edition, p. 142.) 

of fine volcanic dust ivere discharged, traces of which are preserved as thin partings in 
the nine f6et of highly fossiliferous limestone (10) which overlies the basalt, and has 
filled up all the irregularities of its surface. A recrudescence of volcanic activity in 
indicated by the band of green tuff (11) about nine feet Hhick, but the cliscbarges 
w^ere not so continuous or violent as wholly to kill off the calcareous organisms on the 
sea-bottom, for their remains have been aggregated into lenticular seams and nodules 
among the volcanic sediment. The red limestone (12) about three feet thick shows 
by its thin leaves of tuff that feeble discharges of dust were still taking place. These 
indications of volcanic action become still feebler in the overlying reddish nodular 
limestone (13), also about three feet thick, above w'hieh comes once more normal thick 
limestone wholly made of organic remains, like that below the volcanic group. 

In the case of subaerial eniptions we may expect to meet with occasional intercala- 
tions of lacustrine or fiuviatile sediment containing the remains of a land flora or fauna. 
The Tertiary volcanic series of Central France presents many instructive and classic 
examples of this association. We there find the fine tuffs alternating in thin lamina* 
with the fresh-water limestones, and delicately filling the cavities of the shells of pond- 
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VAur vu si;rr. it riIAUA(TKh^S OF OLV LAJ\AF 


Ill tip* nf* tin-! Tertiary haHalt-pluteaiix coiilain 

C5Xiuii|»1«'h <if riv«T-rliaiiiM‘lH lilitul with i^ravpl, and somptinips drirt-wood, 

whiHi Itavp laiiit-d nudrr slnTiiti.s of lavu. In at loast ono iuKtaucc, a (‘onircrnus 

tri'iJ with a ntmn jiv«* fi'pt in <iiam<*ter lias hopu envcdo|H'<l in tlin inolton roch, and still 
ridaiitH itn i‘rprt portion, Imrk and outiir [uirt of tlio wood wan* cliarrod, and 

the itptM'r far! of tin* trunk had d<'<'; 4 y(*d, leaving au empty eylhnler in ilio basalt, into 
wliieh nildsisli vva^ waHhod Irom tin* ground above, before the iit^xt outllovv of lava liuried 
it. Ah iditiwii in Fig. Skih, tb«» eohuiius of the basalt dive rgii from ibo sidiis of tho tree, 
whifli foriiii'd tint pooling surfaeo whence the eontractiou startoil. 

Whilt* iha iiiulergrotHtd course of a ])rotriule(l niasH of molten igneous 
rock lias widely varied according to the shape of the chann(d through 
whicdi it proccinhid jind in which, as in a mould, it solidified, the hohaviour 


Fifr fillnig I'-af** in th" hUiiar** of an hhpi'l. (ir JIovv of porj[>)i>Ti(.(o which is 

DOfO'd wilha h*'d nf »'c»iijj'loni«Tutc. < !ouHt, «>f Ivincanlirierthirc. 

Tlic r»“n1,’« hiiv*' hei-n (lik'd in with wind hofon? Up; pruiition of tin* iicxl Mow. 



of till! rock, once poiiufd out ut tlio surface, is mor'e uniform. TIu! eriifitied 
lava rolls along, vnryitii^ in thick uchh and other minor characters, accord- 
ing to ifM viscosity, the angle of slope and the irrigularitic^s of tho 
topognipli}^ ov«*r which it flows. It forms a rough, l<!nti(:ular bed or 
sheet. A comparison of hiicIi a bed with om*. of tho intrusive sheets 
alriwly ilcscrilied kIiowh tlmt in Hi'veral important lithological characters 
they differ from each other. An intruHive shciet is cloHOst in grain 
near iln upper ami under surfac'cH ; a contemporaneouH htnl or true lava- 
fiow, on tlie contrary, is there usually iiiOHt open and fican’iaceous. In the 
one* c»c«% we cotiijiarativoly r’artdy see veHiidcH or amjgdalos, and when 
they do fM'C!iir they are usmdiy small in size, and luore or less uniformly 
(listrihiiti'd along certain bancln or lines. In the lavas, on the other hand, 
such vcHiclcH cornriionly abound, ancl present wide variations in size, 
sliapib arid (iistnlMitiom flownver rough the upjier surface of an intcr- 
stratltieii iilieet may be, it never .sends out veins into, nor encloses portions 
of till! 8ii|M*rincititibeiit roekn, wlueli, however, sometimes contain pioi’tions 
of it, ami wrafi rcnind its fiiirnmoeky irregidaidties. Occasionally it may 
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a EOTiWTONJii o^Ti^nni ha L) < / ^ r 

be observed to be full of rents, whieh hav«^ been tilled up with 
or other sedimentary material, d'hescj rents were f(»rnied wliilii I he lava 
was cooling, and sand was subs(^qu(‘ntly wash(‘(i into them. Hxaniples cd 
this structure abound among the andesiO* lavas of tin* volearii«‘ traeis uf 
the Scottish Lower Old lied Samlstom* (Fig. 

The amygdaloida.1 caviti(‘.s throughout an interstral iiieil idenu. but 
more especially at the top, often [)r(*.s(uit an (dongaUal form, and are even 
pulled out itito tube-like hollows in one gc*iH‘rai dinaiion, wldefi was 
obviously the line of movennuit of the yet visi'ous inans (pp. I S I, 

Some kinds of rock, whicdi have, appeai-ed as superfieial lava flows, ha ve 
assumed a systerii of columnar jointing. Basalt, in particular, is dis 
tinguished Ijy the frequemy and perfection (»f its e(dimm.s. The tdanf d 
Causeway, the cliffs of Staffa, of Ardtun in Mull, and laadi Staflin in 
Skye, the Orgues (FExiiailly in Auvergne, and the Kirseiiberg of Fiihla 
are well-known e.xamplcs. Andesite, rhyolite, idhsidian, |iitelrstoiie and 
other effusive rocks likewise oeeui- oeeasionally in columnar forin% S«uiie 
basic lavas, during their flow, have broken up into rounded, ifiliptieal or 
pillow-shaped masses of all sizes, from a fe,w inelies to. several feet or even 
yards in diameter (pp. IfUJ, Tlntse blocks often present line?* of 

.small amygdalcs close to their edg(»s, thc^ eiuitre being someifnu!#^ niarkei! 
by larger and more irregularly shaped caviticH. Tin* int(*rHp:wi*8 lietween 
the ellipsoids were usually filled with Home .sislimentaty <leposii| which 
among tiie Paheozoic examples is not infrequently ehert eoiifainirig 
lla(Uolari(t^ but it may be lime.Htoin^, shale, ironstone, voleariie liitf or 
other material. The origin of these roundetl hioc*k,H has Ih*oji a-eiibed 
to the sudden disrujition and chilling of lava that has flowed intu a lake, 
river, or the sea,- 

Lenticular sheets or groups of sheets of lava, usually of lindfed i*\tent 
and with associated })an(iB of tuff, form the nmr<* fretpieiit type among 
Paheozoic and Secondary formations. A single interlwdded j^heef mav 
occasionally be found intercalated hetw^een ordinary Hediiiiimtary nffala, 
without any other volcanic accompaniment. But this is tuuiHual. In the 
great majority of cases, several sheets occur togisther, with aec’ompaiiyinc 
bands of contemporaneous tuff, and they may )»e piled up into aeeiimida 
tions tliousands of feet in thickness, their geological age being gi'iiendh* 
ascertainable from the organic reniuin.H assficiated with them or wifJi 
the conformalde strata immediately behiw or alaive them, 

Interbedded (and also intrusive) sheets liavi* shared in all the hiiIihi* 

1 * Ancient Volcanoes of (treat Britain,’ i. pp. 2S.1, tm, wliere n liiiinitt'r tif 

arc ii|^urc<l, alno ** (.3r6oIo|i(y of Jife, jSh'tn, Hvttt, Hutc. ("oinpwe lie* 
described by Professor B. K. Kincrson, in the 'rriaHj,ic- 'fritp of Xi-w Knidand, aii.i 
by hini to the influence of ntrong conveedion eiirrentH, whereby mnd wa% rapidly difItiNrd *nrr 
and under lava that flowed into wabT. lUilL S,>i\ .lairr, vtii, i\HU7 fi. f4i. 

For descriptions of the ellipsoidal structure of lavas, see il Vhimm, m fl. .rMlm 4r.ie 
Lavis’ ‘South Italian Volcanoes,' Naples, IHfll, p. -U, and lliite \iL ; J, Ib 'iVnll iind 
n. I^x, Q. J. (L K xlix. (1893), p. 211 ; J. J. H. Teall, liOtf. tfri*!, Abf, f 

1894, p. 3 ; F, L. IlanHonie, liuJL (hut. VnitvfH, fh/i/omitt. So, 7 fl«9-i/ ; A. Cl. VAiirlriif. 
Volcanoes of (Treat Britain, i, pp. 25, 1H4, 193 ; T. Morgan 
{7, /S’. Geol, ,Suri\ 1899, p. 112. 
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qut'Jit «‘!ir¥atum und fnulting of the fonnatioiis among 'vvliich they lie. 
1hi« rekllcHi is v’ell seen in the “ tojulstoiio ’’ or sheets of dolerite, Ijasalt, 
ami tiifl asHocuiied with tho CJathoiiiferouH Inmestone of l)er})yslnre 

pg. :i37)d 



ONE MILE 

Fjk’* 15 * 17 . Si^rlkwi f»f I fit«Tc*ahtt*nl lavuH arnl tii Ilk (“ t,< uulMtotKi ”) in Cjirlionifarcju s LitiiUiKtoiio, I icrbysliim 
l/»|. ti hi two 1 k*<Is ; /O/, I iitn(*.sLinu‘H ; r, ,M grit ; //, Kjuilis, 

hi Htirli atiiiinljiiitly volcanic*. <Ii.stri<*ts a.s Central Hcotlanc], the necks or vents of enip- 
tioiO n*iH, a.SH)n}ay frc*<jnently Ik*, tletectc-d uinon|:^ the lavas whicli proceecleil from 

liieiii. Tin* thickiiesH of an niti'rhedclecl shcnit varies for ililTercnt kinds of lava. As a rule, 
the more add roi-kM arc^ in thicker IkmIs than the more*, basic. Some of tlus tliiiniest and most 
j«*r>iiHtciit sheftHiiiay be (di.H«*rved junoiip^ tho liusaltH, where a thickness of not more than 
12 oi: ITi feet for en<di Hlteid in not \inc*.ominon. Ikith individual sheets and ^rovi])S of 
klitfeli liava cwiiiiiiionly a markedly leiiticndur elmraeter. They usually thicken in a 
dimstinn, probably that from whicli they flowed. On tlie otlier hand, liods of 
idtrriiljr, tiiiiforrn tbiekiicKs and flntness of siirfac^e maybe found; aTiiong the ba.salts, 
inniT* |*4rlicularly, theHaiiic bheet maybe traceable*, for miles, with reinarkalile regularity 
of ami liarailcdism between its ujiper and under surfaces (p. 763). The aiidc- 

kit« ami traohytiii nud rhyolitie lavas are more irregular in thickness find form of 
KUrfllei*, The? doinite of Auverf»:ne has fonned domes without s[)reading out into sheets. 

Ahtiiidant 4?xanij>lcH of thick Intereahitcd volcanic grmi|iH may be studied among tho 
Piil}i*oy,oii! an«l Tertiary fonnatioiiB of We-stmui Kiiroix;, and nowhere on a larger scale than 
in thij British Ish'S. Tlic Cainbriiin lavas and tnlfs of Pembrokeshire, and tho.so of 
Arcnigaitii Bala a^m in North Wales, the Lake District, tin.? south of Scotland, and tho 
soiith-f‘fi.Ht of Ireland forma iiotahh? I'ermnl of volenuic activity in older Palwo/.oic time*. 
Thf'V Wore Hiiccci'dcfi by the great out poiudn^s of the Old Ked Sandstone, Devonian, 
r,*arboiuf<*roiiH, and IVrmi/m vohfaiiocH. Ihit the volcanic ciicr/gy p^radually <Umini.s']i(‘fl 
iiJitil the Inst Permian eruptions <4avit risi*. to group.s of small tutr-itouo.s, like tho.se of 
Aiivi-rgiie, never d i.srliar^iiig Hoods of lava like tho.se of (uirlicr periods, and jiroliably in 
inoMt i-ases emit ting only slmwcrs of ashes ami .stoiie.s.- ''riicre, appears to have? bemi 
a eoiisjdete < jtiiese«'ner of volcanic? uertivity during the? wliolo of the*. Mcsowiic? agc‘S in 
Britain. Hut tin? snbfcrraneaii Hh-.s were ndvindied in oId(*r Tertimy time, and gave 
til** groat basalt sht'^ts of A iit rim and the Inner Hebrides, 
tin* coritiiicut of Kur*ipe a similar long rca-ord of volcanic action is foiind, with a 
r?irr<'H|HfioIiiig M esozoic (|iiieH<*c!iic*e. (kuiilnhin, Silurian, Devonian, (Juihoni for mi, m, and 
Pcriiiiiiii voh'auie. rcaks have been found in Frant?f'. Tin? l’(*j'mian volcanic rocks of 
Ocriifisny have' lung hreii well kmu%ii. lu the Tyrol occiii’ (cvtc^nsivi? Blieets of quartz- 
porpltyry of Tiia'isic or older date, tegethf?!* with a,s.so<*ialcd Inlfs. 

Some ttf I lie inoBt mioiiuotiH lu'ciiniubit ion.H of ejected volcanic material are found 
itiiong I be rei'ordH {»r IVrliary liiii** in tlic western parU of A'ortli Aiiiericu. Tims in 
the Ab^aroka range in Wyoming the following Hc?i|U(»n(.?c. of volcanic ejections has been 
cMtatilislif'd, the wliole anioiiiittiig to 11,000 feet,^^ 

* Sei» Hc’'tb#ii IH of AfW. f/W. Kut r, (hytft JirUffhi, 

" *Ais«di*iit V'olmiioeH of Brent Britain,’ wb«?rt? tlia. .BritiHlr. volcanic liistory is fully 

Air* Ihigiie, * Ab«iirok.i Folio,’ l\S, (J,K i*re8id«ntlal Adtlress tof Jenl. Soc. Washington, 
llib Mention I'tiriddieN an other example of altt?rusdiiig busii? and add ejections. 
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Late Basalt flo'vv:s ......... 300 feet 

Late Basic Breccia, alternations of coarse and fine fragmental 

material, pointing to a prolonged succession of erii23tions . . 2500 ,, 

Late Acid Breccia, composed mainly of andesite detritus, tlie 

result of many successive explosions 2000 , , 

Early Basalt flows in sheets from 5 to 50 feet in thickness . . 1200 ,, 

Early Basic Breccia, coarse and flue, with intercalated sheets of 

basalt which increase in number and thickness towards the top . 4000 ,, 

Early Acid Breccia, coarse and fine material irregularly heaped 

together, with some beds of silt and mud . ... . 1000 ,, 



Fig. S3S.— Succession of Volcanic conglomerates and lava-sheets, Cahon of Yellowstone River. 
Photograph by Mr. C. D. -Walcott, U. S. Geol. Survey. 


Some of these breccias are crowded with ereet and prostrate fossil trees, which mark 
successive forest-growths that were overwhelmed and buried under the enormous amount 
of fragmentary material discharged from the neighbouring vents. 

To the west of the Absaroka range lies the Yellowstone National Park, where the 
Yellowstone River has cut vast ravines out of the volcanic series, displaying on a grand scale 
a succession of breccias or conglomerates and intercalated lavas. The general topo- 
graphy of the caiion, as influenced by the diflference in weathering of the two kinds of 
material, is represented in Fig. 338, the hard columnar lavas forming prominent bars. 


PART TII SECT, ii VEHVVIAN AND PLATEAU VOLCANIC TYPES 763 


Traces of tliree types of Tolcanoes may be recognised among the 
volcanic rocks interstratified in the various geological formations. 

1. The VesQvian type — consisting of lavas and tuffs which have come 
mainly from one central orifice. Here the rocks rapidly diminish in 
thickness away from their point of origin, and hence form lenticular 
intercalations among the sedimentary strata with which they are associated. 
Thus in Linlithgowshire, the mass of lavas and tuffs above referred to 
(Figs. 331, 333) reaches a collective thickness of probably 2000 feet 
in the Carboniferous Limestone series, but dies out so rapidly that 
within a distance of about ten miles it has dwindled down to a single 
sheet of lava less than 50 feet thick. Still more rapid attenuation is 
observable among the older volcanic accumalations of Central Scotland 
and North Wales. We have only to reflect on what would he the 
probable structure displayed by Vesuvius if it had been buried under 
some sedimentary aeci:ijmulation, and had afterwards been laid bare to 
the roots by prolonged denudation, in order to be able to understand 
the condition in which ancient representatives of the same type may 
he expected to appear. (Compare Figs. 293, 294.) 

■ 2. The Plateau type consists of sheets of lava and tuff which instead 
of accumulating round a main centre of discharge have spread out over 
wide areas, sometimes amounting to thousands of square miles. These 
materials have sometimes come directly out of fissures opened at the surface 
(fissure-eruptions, p. 342), sometimes out of vents which may be crowded 
closely together. In this type the lavas usually largely predominate over 
the fragmental discharges. The more basic lavas, especially those of the 
basalt family, have most frequently assumed this form. 

The fragmentary pla.teaiix of the British Islands, the Faroe Islands and Iceland ; 
those of the Indian Deccan and of Abyssinia, and the more recent "basalt floods which 
have closed the ewentful history of yolcanic action in Korth America, are notable 
illustrations of tins type of structare, Beds of tuff, conglomerate, gravel, clay, shale, 
or other stratified intercalations occasionally separate the sheets of basalt. Layers of 
lacustrine clays, sometimes full of leaves, and even vith sufficiently thick masses of 
vegetation to form bands of lignite or coal, may also here and there be detected 
Occasional prostrate or even erect trees may be observed enclosed in the lava (Fig. 335). 
But marine intercalcations are rare or absent. There can be no doubt that these widely 
extended sheets of basalt were in the main subaerial outpourings, and that in the hollow's 
of their hardened surfaces lay lakes and smaller pools of vater in which the iriterstrati- 
fied sedimentary materials were laid down. The siii<nilar persistence of the basalt beds 
has often been noticed. The same sheet may be followed for several miles along the 
magnificent cliffs of Skye and Mull. Mr. Clarence Iving believes that single sheets of 
basalt in the Snake Eiver lava-field of Idaho may have flowed for 50 or 60 miles.^ The 
basalts, however, so exactly resemble each other that the eye may be deceived unless it 
can follow a band without any interruption of continuity. 

FText to the basalts, perhaps, come the andesites as plateau-builders. Conspicuous 
examples of the way in which they have been piled over each other to a depth of many 
hundred feet and over areas of hundreds of square miles may be seen in Central and 
Southern Scotland, where the Old Red Sandstone (hills of Lome) and Carboniferous 

1 'aeological Exploration of 40tli Parallel,’ i. p. 5i)3. See also C. E. Dutton, Nature, 
27th November 1884. m Ann. Jlep, U.S. Ceol. Surv, 1884-85, p. 181, and 4f/^ Ann. Pe^). 
same Survey, 1882-83, p. 85. 
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systems (Gampsie Fells and hills above Largs), include consecAitive sheets of different 
andesites and diabases that rise into long terraced tablelands. The regularity of thickness 
and parallelism of these sheets form conspicuous features in the scenery of the districts 
in which they occur, 

3. The Piiy type is shown by scattered vents filled with agglomerate 
or tuff, sometimes also with dykes or plugs of lava. In many cases these 
vents have not emitted any lava-streams. They mark a comparatively 
feeble phase of volcanic action. They are sometimes, however, remarkably 
abundant within a restricted area, as jn the tract of East Fife already 
referred to (p. 751), where at least eighty of them are crowded together 
within a space of 70 or 80 square rniles. The puys of Auvergne, the 
maare of the Eifel, and the small tuff-cones of the Bay of Naples are 
familiar examples of late geological age. 

Part VIII. Metamorphism, Local and Regional. 

The sense in which the terms ‘‘metamorpliism ” and “ nietamorphic ” 
are to be employed should he precisely defined at the beginning of a 
discussion of the subject to which they are applied. It is obvious that 
we have no right to call a rock metamorphic, unless we can (1) distinctly 
trace it into an unaltered condition, or (2) can show from its internal 
composition and structure that it has undergone a definite change, or (3) 
can prove its identity with some other rock whose metamorphic character 
has been satisfactorily established. At the outset, it may be remarked 
that, in a certain sense, all or nearly all rocks may be said to have been 
metamorphosed,^^ since it is exceptional to find any, not of very modern 
date, which do not show, when closely examined, proofs of having been 
hardened by the pressure of superincumbent rock, or altered by the 
action of percolating water or other daily acting agent of change. Even 
a solid crystalline mass, which, when viewed on a fresh fracture with a 
good lens, seems to consist of unchanged crystalline particles, will often 
betray under the microscope unmistakable evidence of alteration. And 
this alteration may go on until the whole internal organisation of the rock, 
so far at least as we can penetrate into it, has been readjusted, though 
the external form may still remain such as hardly to indicate the change, 
or to suggest that any new name should be given to the recomposed roc*k. 
Among many igneous rocks, particularly the more basic kinds (diabases, 
basalts, andesites, diorites, olivine rocks, &c.), alteration of this nature 
may be studied in all stages.^ 

But mere alteration by decay is not what geologists denote by meta- 
morphism. The term has been, indeed, much too loosely employed ; but 
it is now generally used to express a change in the mineralogical or 
chemical composition and in the internal structure of rocks, produced at 
some depth from the surface, either locally, by intruded masses of highly 
heated material, or regionally, through the operation of mechanical move- 
ments, combined with the influence of heat and heated water or vapour. 

Metamorphism may consist in, 1st, change of aspect or texture, includ- 
ing induration and other minor phenomena (‘‘contact metamorphism’’) ; or 
^ Ayite, p. 453, under “Weathering.” 
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2ncl, change of form, including all paratnorphic transformations, sncli as 
the conversion of a pyroxenic into a hornblendic rock, and the alteration 
of a clastic into a crystalline mass by the crystallization of its original 
constituents; or 3rd, change of* substance, where a chemical (nietachemic) 
change has been superinduced either by the abstraction or addition of one 
or more ingredients, as in the remarkable contact zones round certain 
intrusive bosses. It is obvious, however, that each of these three forms 
of metamorphism may be included in the changes which have been super- 
induced upon a given mass of roekd 

The conditions that appear to be mainly concerned in metamorphism 
have been already stated (p. 424). It may be added here that these 
conditions may in different cases he supplied : 1st, by the action of heated 
subterranean water carrying carbonic acid and mineral solutions, and often 
under great pressure (pp. 401, 409) ; 2nd, by the action of hot vapours 
and gases (pp. 269, 313) ; 3rd, by mechanical pressure combined with 
heat, but without internal movement or deformation, such pressure and 
heat at great depths in the terrestrial crust being enormous; 4th, by 
mechanical movements, particularly those which have resulted in the 
crushiug and shearing of rocks, and which at great depths must he all 
the more effective from the vast pressure and high temperature (pp. 400, 
411); 5th, by the intrusion of heated eruptive rocks, sometimes containing 
a large proportion of absorbed water, vapours, or gases (pp. 407, 413); 
6th, occasionally and very locally by the combustion of beds of coal. 
Much will obviously depend on the relations of temperature and pressure 
under which the rocks are acted on. Mr. Harker has indicated four 
variations of these relations, which may in different places have existed : 
(1) low temperature and low pressure (Hydro-metamorphism); (2) high 
temperature and low pressure (Thermo-metamorphism) ; (3) low temper- 
ature and high pressure (Dynamo-metamorphism) ; (4) high temperature 
and high pressure (Plutono-inetamorphism).- 

The term metamorphism,’’ as originally proposed l)y Lyell, was 


^ Many term.*? have been, devised to express the character of luetaniorphic cliaiiges. J'or 
instance, metasomatosis, metasomatu\ me/kz/losis, mdhylotk, and vietachemk applied to 
chemical metamorphism or alteration of constitution or sul,)staiice ; metastasis, indicating 
changes of a pararnorphic nature ; i/ietacrasls, denoting such transformations as the conver- 
sion of mud into a mass of mica, quartz, and other silicates ; macm- structural metaniorpliisni, 
having the external structure (niorphology) changed, as where an amorphous condition 
becomes schistose ; mdcro-structimcl, having the internal structure (histology) wliolly 
changed, with or without a macro-strnctural alteration ; miner alog leal, having one or more 
of the coniponeiit minerals changed, with or without an alteration of the dieinical composi- 
tion of tlie rock as a whole. See King and Kowiiey, “ An old Chapter of the Geological 
Record,” 1881; Dam, Amer. Journ. jSci. xxxii. (1886), p. 69. Bomiey, Quart Jour/i. 
<koL Soc. (1886), Address, jx ZO ei seq. G. H. Williams, Bull. U.B.Geol. Surv. JXu. 62 
(1890), p. 43.’ Various terms have likewise been proposed for nietaiuoridiism from the 
point of view of its cause, as Dislocation-netaniorqMsm (Lessen), Mechanical metamoT 
phisui (Heim and Baltzeij, F7'ici{oii-inetaniorjphism (Gosselet), Dynamical 'uietamorjjhism, 
(Eoseiibusch), Jleaplngnqj metamorphism, {Btammgs M. Giimbel and Grediier), PressKu 
7netamorjp?iis))i (Bonney), and those by Harker, quoted in the next paragraph. 

- Qeol. Mag. 188*^, p. 16. 
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applied to rocks having a schistose <>r foliated strucftirt* iifri* 

regarded as altered sdsdinients. Imh* tiiany \'t*ars ufti'rwards if cniifiniied 
to be vised in the same stniscs an<i m»t until cornparaf i\ ely rermiflv did 
geologists recognise that rocks origiiii'iily eru[jtive origin, but interpo'^fd 
avnoiig sedirnentaiy sti*ata, \ve;re maiessarily allected by the c’hangi'S ^vliirh 
the latter underwent in the proc(‘.sses of metannu'phism. ft U now well 
established that igneous rocks no less than arpicous have beem iiieta 
morphosetl, anil, as Lossen pointed out, they furnish in some resperf - eiaai 
a better starting-point from wdiieh to attaek the prohlmu of HH‘fanior|»ldHUi, 
inasmuch as their original tlcfinite mineral aggregat ion, ehendeal eom 
position and structure furnish a scale hy which the .Hubsej|Uent nuilations 
of the rocks may Ixi traced and measuredd 

It must oivviously be often dithcult, not infre<|uently impovdblia to 
determine to what particular combination of conditions the ruetaiiiorphisiii 
of a group of rocks is to In* assigruMi, whether nnu’e pressure, or prevsuri* 
combined with crushing and diifonnatirm, or with a high teniperaliire, nr nil 
of these with the co-operation of water and mineraliHing agent s. Imw licen 
concerned in the change. For eonvenimice c)f deHcripllon .Home kin<! of 
classification of the [dienomena. is reijuired. Aci'orditigly geologiHiH liavi* 
long been in the liahit of recognising among tlje tilteraiiomH whieh can 
properly he considered nHitamor}>hic two broad typcH. hu, ("chi tael 
Metamor])hisni, where the rocks have l)een altered hy eontaet with or 
proximity to some body of eruptive inat<‘rial, and 2nd, Itegional Meta 
morphism, where the altiu-ation cannot he aHcrihi»d to atiV local 

cause as the invasion of an intrusivt^ rock, hut is m> wi«iespri*afl tliat it 
must he due to a more general origin, such as t'orniitiorin of pre4Hurf% 
temperature, mechanical movement, presenee of wati*r and iiiineraliHing 
agents affecting extensive tracts of the earth’s crust, lids arrangemeiif. 
though convenient, cannot always be satisfaetm'ily made, allhoiiglt in 
regional metamorphism a maximum of change is often readied wideh is 
hardly equalled in contact-metamorphiHin, <’aseH are imU. wdth where ilu» 
phenomena of the two types cannot be satisfaetoriiy diserimimited. 
Nevertheless the commonly accepted subdivisimi is so gruierally woeful 
that it may well be retained until our knowlmlge of mf‘tfuiior|ildHm lian 
become more precise ami profound than it is at present 

i. Contact-Metamorphlsm. 

In this kind of altei’ation two fundamental comlitioiiH have to be 
considered : Ist, the nature, mass, tempeiiiture, and coiii|«mitiiiii of tint 
eruptive rock; and 2nd, the composition ami structure of tlit! ns’kM 
through which the intrusive material has hmm injected, ami tlie jiresi!iiei* 
or absence of interstitial water in them, (1) With regard ilio firMt of 
those conditions, it is olndous that a large intrusion will prodiicp rnorc 
alteration than a small intrusion of the same rock. Hu* iircola of rn<*tii. 

^ Jahrb. Preiim. deoL LandemttiHL 1884, p. 020. H<>fi nlmu fur iiii curly Htiply fjf ilii* 
influence of contact-inctamorphiHin on augitic igiicriiw rm-k^ Allj»iirt, V- 
(1876), p. 418. 
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morphism round a great Idoss of graaite or of diorite will be broader and 
the metamorphisin itself more intense than that round a mere vein or 
dyke. The constitution of the intrusive rock has been an important 
factor in the metamorpMsm. Thus great differences are observable 
between the nature and amount of this alteration produced by the more 
basic and the more acid volcanic rocks. The former, such as basalt, 
possess such extreme fluidity as to be able to penetrate into the cracks 
of other rocks and catch up fragments of them, which they indurate or 
even fuse, but without inducing much chemical change. It would appear 
that mere dry heat produces only a small amount of chemical alteration. 
The more acid volcanic rocks, on the other hand, such as trachyte, 
phonolite and rhyolite are viscous or pasty, do not wrap round so closely 
the rocks which they invade, and seldom melt them, though possessing 
a temperature considerably higher ’than tliat of the basic lavas. But 
owing probably to the vapours with which they are charged they induce 
various chemical transformations.^ Granite has been believed not to 
furnish examples of the actual fusion of the surrounding or enclosed rocks, 
though it may have absorbed more or less of them (see, however, p. 776), 
but it has long been recognised to be accompanied with a more complete 
transformation of these rocks than any other intrusive material, and this 
change may be traced to a distance of a mile or more from the line of 
contact. In this case also, as has been • already stated, the presence of 
pneumatolitic agents — water, alkaline silicates, chlorides and fluorides, 
with other vapours or solutions, has been largely influential, combined, 
doubtless, with great pressure, high temperature, and a continuance of 
these conditions for vast periods of time. 

(2) With respect to the influence of the nature and structure of the 
altered rock upon the metamorphism, it is obvious that such different 
materials as shale, sandstone, coal, and limestone, will give very different 
results even if exposed to the same amount and kind of metamorphic 
energy. The amount of water present in the pores of a rock will likewise 
largely influence the extent and nature of the alteration. A rock which, 
if perfectly dry, might undergo little or no change, when heated would he 
subjected to chemical reactions and mineral re-arrangements by the 
operation of interstitial water. Much must depend, too, upon the relation 
between the position of the intrusive mass and the stratification of the 
rocks affected. As stated on p. 64, heat is conducted four times faster 
along the planes of stratification than across them, so that an intruded 
sheet or sill should, other things being equal, produce less alteration than 
a boss which breaks alcross the bedding. It will be readily understood, 
also, that detached portions of a rock which, have been caught up ancl 
entirely enclosed within an intrusive mass will show usually a more 
highly altered condition than the peripheral parts of the rock, which 
have merely presented one side to the invading material- 

^ Professor Lacroix, jWm. Acad. Set. Paris ^ xxxi. (1894). 

2 Professor Lacroix, in the memoir above cited, has made a particular study of the 
metajnorphism of fragments enclosed in volcanic rocks. On the physical effects of 
contact-metamorphism, see J. Barrell, ATiier. Toum. xiii. (1902), p. 279. 
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The following examples of the natnn* of the iiiefainoi |»lii.-in uf ffinf.'iii 

are arranged in progn-ssiva*: ordtn* of inteii.siiy, hegiiiniiig witli liii* 
change, and ending with results thatar<‘ eoiiipanihlr ivjili flu* -rear 

changes involved in n^gional nn^tanio! phisin. 

Bleaching is wcdl seen at- the surface, udiere hf»al«'d 
rise through tulis or lavas am 1 convert them into while i lawwp. 
I)(3Col()ration, howenaa*, lias proee«*ded also, umhn neat lu along ilie iilen of 
d}d{cs. Tims in Arran, a xoni* of decoloration tanging froni .'i i»r 6 ii, 
2;') or 30 feet in width, runs in tin* rcfi saiidHloin* along eaefi dfle iii 
many of the abundant basalt dykes. This reimnal of the eHloiiiiiig 
peroxide may have hecui elleet.e<l by thi* pmlonged escape «if liot lapiaim 
from the cooling lava of lin^ dykes. Had it lu'eii due iiiiuely to tlni 
reducing cfTeet of organic niattiT iti the iiieteorie water lilleiing ilomii 
each side of the dyk<^ it (Uight to <»eeiir as fret|net{tly along joiiifs in 
which there has htten no asccuit of igneous matter. 

Coloration. — Ivoeks, partitmlarly shah* and saji«lHfom\ iu l onfaet with 
intrusive slnuits, are. Hom«‘tiin(*..s ho reddened as to resemble the biinit 
shale from an inmwork, Kvttry eastt of reddening ahmg a line id juiirtion 
])etwecuari eruptive and tic)n eruptive rock niUHt not, h<nv»-ver, !h« set down 
without examination as an ellect of tin*. mf*re ln*ai of tin* injrefi*d mass, 
for sometimes the colouring may la* dun to .HubHeipienl oxidation of irmi 
iu one or both of the rocks by watcu* perei»lat iufg along the lifien of 
contact. 

Disaggregation. It is oeeaHiomtlly olwm'vable tlial roek*^ origjnaliy 

coherent and tough have heeomn frialde by <'ontin*t witfi eruptive fiiaterial, 
as in the case of gn(‘iss ami granite in Auvergtn*, wdien iu eonfart with 
the volcanic rocks. 

Induration." Most frcicpicntly the rev(U.Hn of di.siutegndiou IfaH lieen 
produced, for the rocks along the (aMiUici wi’tli an ifitriiHive iiiaHw have 
commonly been hardene{l. Sandstone, for exainphu in eomerietl iiiio a 
compact rock which breaks with tin* liiHirfiUs friuitire of <|uarf/ite. 
Argillaceous strata are altered into llitity slate, Lydiatj-Mioiie, jasper, or 
porcellanito. This change ihay Hoimstimes be pr^Mliieed by mere liry heat, 
as when clay is Iwiked. Jiut it may also arise from the aelioii of lieatef! 
water, as is sliowui where tin? |H*rc<;nt',tg«* of hiliea hiin lieeu ifirrea'-^i^d by 
the deposit of a siliceous cement in the int4U'MtieeH of tin* i^foiie, or by 
the replacement of some ol the nuneral MubsOUH’en by Siifdi 

changes are specially observal>le round eniptivi* masHt‘s of gniiiiti* aiifi 
diabase.^ 

Expulsion of Water.— Omv efieet of the int.ruHion itf molti'ii iiiaiter 
among the ordinary cool rocks of tin* earlits crust lian doiiiitii^sH oflni 
been temporarily to expel their int(*rstitiid w%ater. Tin* may cvi!ii 
have been occasionally sufficient to drive off water of cryrttiiili/.;iliofi nr of 
chemical combination. Mr. Sorby mentions that it inis bi^eii abli! to 

^ Kay.w.r, on ctrmtact-iiu;t4imc»r|»iiiHin nroiiml thn fliiUaw t*f flu* lU'ir/., Z, Ik f*, O’, 

10.3, w'horo unalyMt!H Hliowiiig thu lu;4lj irttrci'nOigo of hi!i€ii kIvui. ■'«* i, i , */*•/!#»-" il , 

fScA. .Tniiuary 1881. The* phoiioiucita of iui;tuiiior|»hI?^iii Pininl no? tiirilirr 4 

below, p. 778 m/. 
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dispel the water present in the minute fluid cavities of quartz in a sand- 
stone invaded by diabase.^ 

Prismatic Structure. — Contact with eruptive rocks has frequently 
produced a prismatic structure in the contiguous masses. Conspicuous 



-Fig. 839.— Sandstone (a o) rendered prismatic by Dolerifce (5 ?;); Bishopbriggs, Glasgow. 


illustrations of this change are displayed in sandstones through which 
dykes have risen (Fig. 339). Independently of the lines of stratification, 
polygonal prisms, six inches or more in diameter, and several feet in 
length, starting from the 
face of the dyke, have been 
developed in the sandstone.^ 

Some of the most perfect ex- 
amples of superinduced prisms 
may occasionally' te noticed in « 
seams of coal which, from offering 
least resistance in a group of 
strata, have been more especially 
apt to be invaded by intrusive 
igneous rocks. In the Scottish 
coal-fields, sheets of basalt have ^ 
been forced along the surfaces of Fig. 340.— Coal-seam (a a> lying on fireclay (b) and made 
coal-seams, and even along their columnar {a') by a sill((!) of Basalt, Shore, Saltcoats, 

centre. The coal in these cases is J^yrshire. 

sometimes beautifully columnar, its slender hexagonal and pentagonal prisms, like rows 
of stoat pencils, diverging from the surface of the intrusive silP (Fig. 340). The 
basalt, on the other hand, has been changed into a kind of clay {2')ostea,, p. 775), 

1 Q. J. O, S. 1880. Ante, p. 735. 

2 Sandstone altered by basalt, inelaphyre, or allied rock, Wildensteiii, near -Budiiigen, 
Upper Hesse; ScLbberle, near Kriebitz, fiolieiriia; Joliiisdorf, near Zittaii, Saxony (the 
Quader - sandstone of Oorischstein, in Saxon Switzerland, is beautifully columnar; W. 
Keeping, (jreo/. Mag. 1879, p. 437); Bisbopbriggs, near G-lasgow ( Fig. 339). 

^ Coal and lignite, with their accompanying clays, altered by basalt, diabase, melapbyre, 
.&c., Ayrshire, Scotland (Fig. 340) ; St. Satnrnin, Auvergne ; Meissner, Hesse Cassel ; 
Ettingsliausen, Togelsgebirge ; Biilzbacb, Upper Palatinate of Bavaria ; Fiiiiflvirclieii, 
Hungary : by trachyte, Commentary, Central Prance ; by phonolite, Northern Bavaria. 
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Other examples of the production of this structure have been described in dolomite 
altered by quartz -porphyry (Campiglia, Tuscany); fresh -water limestone altered by 
basalt (Gergbvia, Auvergne); basalt -tulf and granite altered by basalt^ (Mt. Saint - 
Michel, Le Puy). 

Calcination, Melting, Coking.- — By the great heat of erupted masses, 
more especially of basalt and its allies, rocks have been calcined and 
partially or completely melted. In some, the matrix or some of the 
component minerals have been melted ; in others the whole rock has 
been fused. Among granite fragments ejected with the slags of old 
volcanic vents in Auvergne, some present no trace of alteration, others 
are burnt as if they had been in a furnace, or are partially melted so as 
to look like slags, their component minerals, however, remaining distinct. 
In the Eifel volcanic region, the fragments of mica-schist and gneiss 
ejected with the volcanic detritus have sometimes a crust or glaze of 
glass. Sandstones, though most frequently baked into a compact 
c^uartzite, are sometimes changed into an enamel -like mass in which, 
when the rock contains an argillaceous or calcareous matrix with 
dispersed quartz-grains, the infusible quartz may be recognised. 

Ill Hesse and Tliuringerwald, Zirkel has described sandstones altered by contact 
with basalt, where the quartz -grains are enveloped in a vitreous matrix, in which 
abundant microscopic microlites occur, and present in their arrangement evidence of a 
fluxion -structure. This glassy constituent probably represents the argillaceous and 
other materials in which the quartz-grains were originally imbedded, and which has. 
been fused and made to flow by the heat of the basalt.^ According to Bunsen’s observa- 
tions, volcanic tuff and phonolite have sometimes been melted on the sides of the 
dolerite dykes which traverse them, so as to present the aspect of pitchstone or 
obsidian.^ Complete fusion, duxion-structure, and microscopic crystallites, resembling 
those of true igneous rocks, may thus he produced in sedimentary rocks by contact- 
nietaniorphisra. 

The effects of eruptive materials upon carbonaceous beds, and 
particularly upon coal-seams, are among the most conspicuous examples 
of this kind of alteration. The effects vary considerably, according to 
the bulk and nature of the eruptive sheet, the thickness, composition, 
and structure of the coal-seam, and probably other causes. In some 
cases, the coal has been made prismatic, as above described. More often 
it has Jjeen fused and has acquired a blistered or vesicular texture, the 
gas cavities being either empty or filled vrith some infiltrated mineral^ 
especially calcite (east of Fife). The most frequent change is the conver- 

^ ^^aumanh, ‘ Geognosie,’ i. p. 737. 

It is worthy of observation that changes of the kind here referred to occur most 
commonly with basalt-rocks, melaphyres, and diabases. Trachyte has been a less frequent 
agent of alteration, though some remarkable examples of its influence have been noted. 
Pouletfc Scrope [Geol. Trans. 2nd ser. ii.) describes the alteration of a trachyte conglomerate 
by trachyte into a vitreous mass. Quartz-porpliyry and diorite occasionally present examples 
of calcination, or more or less complete fusion. But with the granitic and syenitic rocks 
changes of this kind have never been observed. Nauniann, ‘ Geognosie,’ i. p. 744. 

^ E. Jahrb. 1872, p. 7. For other examples see Mold, Verhandl. Geol. Eeichsanst. 
171, p. 259 ; Eussak, TscliennaJds 3Tin. Alitthdl. 1883, p. 530. 

Usually the vitreous band at the margin of a basalt dyke belongs to the intruded rock 
and not to that through which it has risen {ante, pp. 235, 735, 745). 
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tlifriKil into a hard aiul britLle kind of anthracite or coal,” 

tt> the lo.ss nf it.s tnori* volatile jifortions (west of Fife), This 
chan<xi' may hi* oloserved in a eoal-.seam G or 8 feet thick, even at a 
(ILsiani*)* of ell yardn from a lar^t^ dyke. Traced nearer to the eruptivii 
nuiHs, the coal jms.seH into ii kin<l of pyritons (dnder, scarcely half the 
oripnal thickness of tin* seam. At the actual contact with tlic dyke, it 
lH»coiiif.s by de|j;ree.H a kind of caked soot, tint mere perhaps than a few 
inelicH thick cSout.h »Stai!oidshin*, Ayrshire;). ( Joal has BoiiietiriKis even 
been turmsl into grapliitt; ( Nlcw Cuiiniock, Ayrshire).* 

Tin* hasalt f»f Mei.HHiHir GniwiT Iln.ssip ovi'i-licH a tliiek stratum of brown con 1 which 
shows an iiitcivnii ng Hfric.s of ultcrat ioii.s, Iiniiicdiatcly under tlio igiioous rock, a thin 
Hfutn of ini|>ur«* earthy roal {“Icttcu") apjioars as if completely burnt. The next 
underlying «t rat inn has hei'ii aUert'd into metal lio-luslred autliraeite, [lassing downwards 
iritii %'arioiiH UliO'k glossy coiUh, beneath wbkdi the brown <!onl is worthless. Tho depth 
to wliich tlii‘ ithrratioii extend.s is r>*»5 iiietrcis.“ Another exaniplo of alteration has 
lw‘r‘ii dosciihcd hy ( }. v<»in Rath froni Kiinfkircheu in llungary.*‘ A coal-soarn has 
tliern heeij iiivadeil by a hasiit igneous rode f perhaps iliahnso) now so dfiooiiiposod that its 
true lit liologii-a! i*hii.rii.eter eaniiot lu* HatiHlaotorily iletenniued (see p. 775). Hero and 
then*, the intrusive, rock lies eoueordantly with the « t rut ifi cation of the coal, in other 
plaee uiHcsidH out tiugers, raiuUieH, ahniptly eud.s olf, orocfuirs in (letached nodular frag- 
iiHOitH iu the I'.oiiL 'l*hc latter, iu eon tael, with the intrusive material, is eouverted into 
prisiiiatie coke, d'he analyHis of three .spce.iiiumH of the, (!o;il throws liglit on tlu3 nature 
of tlio change. One of tlu'so (A) shows the ordinary (’oiii jiosition of the coal at a 
distant *f‘ frtiia the iidluetiet* of the, iutriisivt} rock ; the Hotanul (B), taken from a distanctj 
of about b'tj lucirij (nttariy 1 foot), cxlubitH a}>artial etuiversion into coke; whiln in the 
third f€;, taken from immediiito contact with the eruptive mass, nearly all the volatile 
hydrocarborm have hccu expel letl. 
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Ibiriug the !l<'rnuiefi.ii ili.Htillatijui ari.siiig from tins dcs( rue,tion or altenLtion of con, I 
and lot iiiiiiieui'-. hlialcM, wliilc tli«‘ gfi.HCH c'Vjdved find their way to tlie surfaiM*, tludiij uid 
poduf't’^, fill fic- otJoT hand, arc iipL (o collect in fissures and cravitiir.s. In Central 
Hf'olliuid, whci'i' the coal- fiehl.s have been .S4» almndaiitly picnael by igneoii.s masHo.s, 
petrolfiiiiii and uiphiiituiii arc Ilf IVcipicnt. occurrence, scmctimc.s iii cdiiiiks and veins of 
wnidHtMjK'^ and irtlnu’ sedimentary strata, iu the euv iliit.s of tlici igneous rocks 

ve^. In hofbian, ititnuiv'e .shcids, Iraver.sing a group of .strata Oontaining 

scaiiiH mI coal and oibshide, have a dintiiictly hiiundnoiis when freshly broken, mid 

little gbibide', of jfi'trolcinn may lie .Ictcctcd in Uicir caviticjs. In the satim distiiet, tJie 
joint--, am! Ibeo-irfM of a mar-,dv«r ,HandHt«inf‘ arc tilled with solid hmwii nspbalt, whioh the 
i|ii?trryiii(‘ii inaiiiitrlure int'» candlcN. 

^ F<ir n re«/**n! arc<i-#iii»t at thi'i {biniiioek exainplr* see II. Il(dt<ui, T'rmiH. (J&fL Sue. 
SIti iirh'Mier, n.St»fi|, TIo* I'oal has Ircu tnadc? csiliimiinr and the eolinuns at their 

juic'lioii itli tic* into graphite, ■wliicli adheres to the in tninivct rock. 

“ ‘ Hehildcriiiisf , Mi'b'iner und Hir?4cJibergc/ Marburg, 18(17. 

il. X. JnhfE ji. 27B. hi till*! idiovf' analyses the bitumen iucdu(lc,s all 

vohifilr .c«iie4ilii«‘iit-i id by licMt, h*ai*r c«iki‘ ituil hitiuiicu 100. Another iuHtaina*. i.s 

df'Ht*rii»'ii by (biiabi'l from Mahri-^eba.istnyi, where coal is coketl by an augitc-i loridjy ry, 
IVr/(, Urtpfimr jiut. 1 H 7 'I, p. 55 . 
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Fig. 341~Dylves of basall 
(a a a,} traversing chalk 
Q) b), which near the 
dykes is converted into 
marble (c c), Eathlin 
Island, Antrim. 


Propylitisation. — Eeference may be made liere to the changes super- 
induced in rocks by the influence of hot vapours and gases (solfataric 
action, p. 313). Among these alterations, whereby the characters of 
the original propylites of Western America have been induced, are the 
conversion of hornblende and biotite into green chloritic pseudomorphs, 
and that of the felspars into epidote. 

Marmarosis. — The most frequent alteration undergone by limestone 
when invaded by an eruptive rock is its conversion into crystalline or 
saccharoid marble. This change may extend only an inch or two from 
the edge of a dyke, but may stretch over hundreds of yards where the 
eruptive mass has been of large size. As a rule it 
is more pronounced in connection with acid than 
with basic igneous rocks. A pure limestone will give 
rise only to crystalline calcite grains, but if, as so 
frequently happens, admixtures of non -calcareous 
sediment are present, they induce the development 
of other minerals, such as tremolite and garnet. 

One of tlie earliest described examples of this change is that 
at Rathlin. Island, off the north coast of Ireland (Fig. 341). 
Two basalt dykes (20 and 35 feet thick respectively) ascend 
there through chalk, of which a band 20 feet thick separates 
them. Down the middle of this central chalk baud runs a tortuous dyke one foot 
thick. The chalk between the dykes and for some distance on either side has been 
altered into a finely granular marble.^ On 
the east side of the great intrusive mass of 
Fair Head the chalk is likewise marmarised. 

Another smaller but interesting illustration 
of the same change occurs at Camps Quarry 
near Edinburgh. The dull grey Burdie House 
limestone (Lower Carboniferous), full of valves 
of Lejoerditia and plants, has there been in- 
vaded by a basaltic dyke, which, sending 
slender veins into the limestone, has enclosed 
portions of it. The limestone is found to 
have acquired the granular crystalline char- 
acter of marble, each little granule of calcite 
having its own orientation of cleavage jdanes 
(Fig. 342). 

Production of New Minerals. — 

Among the phenomena of metamor- 
phism, whether contact or regional, none is more conspicuous than 
the development of new minerals in the rocks affected. Where the 
alteration has resulted in fusion, microlites or more definite crystals are 
found in the glasses, such minerals as pyroxene, hypersthene, cordierite, 
spinel, biotite, ilmenite, &c., being discernible with the microscope. Where, 
on the other hand, the metamorphism has spread . further and may have 



Fig. 342. ■— Section of limestone (a) (Burdie 
House) converted into granular marble 
by basalt (6). Magnified 20 diameters. 


^ Coiiybeare,, Geol. Soc. iii. p. 210 and Plate x. One of the most remarkable 

examples of marmarosis is the alteration of the (Triassic) limestone of Carrara into the well- 
known statuary marble (see postea, p. 804). 
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been due not merely bo the high, temperature of the eruptive mass hut to 
the vapours with which it was impregnated, a much more conspicuous 
development of new minerals is observable. These minerals have usually 
an obvious genetic relation to the composition of the rocks in which the}'' 
are formed, but in many cases they also bear witness to the introduction 
of elements 'which were not originally present in these rocks. In 
argillaceous strata, such as clay-slates, as Mr. Hutchings has pointed out, 
.one of the most unfailing and sensitive indications of commencing 
metamorpMsm is the progressive decrease in number and increase in size 
of the little rutile needles (ante^ p. 171). Next in degree of sensibility is 
probably the development of minute scales of biotite. Quartz and felspar 
have often crystallized together and in their appearance are intimately 
connected. More advanced stages of alteration are marked by the presence 
of what have been called pre-eminently “contact-minerals,’’ particularly 
cordierite, andalusite, kyanite and sillimanite. Hence a certain general 
order of succession in the development of the minerals may he traced 
across a broad areola of contact- me tamorphisin. On the outer margin of 
the ring, the internal re-arrangements and mineralogical re-combinations 
show themselves in many argillaceous rocks by the appearance of small 
knots or concretions which are replaced further inward by recognisable 
silicates, such as staurolite, then by kyanite, followed perhaps further in 
by sillimanite, while towards the centre the dark mica which appears 
even in the outer parts of the ring attains a marked prominence, often 
accompanied with garnets and other new minerals.^ A few examples 
may he cited here, hut the subject will he more fully illustrated further 
on in connection with the production of foliation. 

A simple tut interesting instance of this hind of contact-metamorphism was described 
many years ago by Henslow, from near Pias 3!7ewydd, Anglesea. A basalt dyke, 1.54 feet 
ill breadth, there traverses strata of shale and argillaceous limestone, which are altered 
to a distance of 35 feet from the intrusive rock, the limestone hecoming gramilar and 
crystalline, and the shale being hardened, here and there porcellanized, while its shells 
{Prodicdi, &c.), though nearly obliterated, are still traceable by their impressions. lu 
the altered fossiliferous shale minierons crystals of analcime and garnet have been 
developed, the latter yielding as much as 20 per cent of lime.- Similar phenomena 
were observed hy Sedgwick along the edges of intruded min Sill (p. 733) among the 
Carboniferous Limestones and shales of High Teesdale.^ More recently the interesting 
contact-phenomena of this region have been studied in detail hy Mr. W. M. Hutching.s, 
who has found that below the sheet of igneous rock, which is 100 feet thick, meta- 
morphism is distinctly appreciable through the limestones and shales down to the 
basement conglomerate, a vertical distance of more than 80 feet. The purer limestone 
has been converted into marble, quite like what might he due to the influence of granite. 
Argillaceous limestone has likewise been rendered completely crystal line, and amidst its 
re- crystallized calcite other minerals have been developed, especially idocrase, garnet 
and augite, the last two here and there growing out from the edge of the sill like the 
teeth of a saw. Ihere occur also pale hornblende in slender needles, epidote, sphene 
and a good d eal of re -cr ystallize d quartz. The intercalated sandstones have been 

Gr. Barrow, Q. J. Gf-. A. xlix. p. 330. For a proposed nomenclature of those rocks in 
successive zones of contact-metamorphism, see W. Salonaoii, Congrts G4ol Paris, 1900. 

^ OaiiTFridgQ FMl. Trans, i. p. 402. 

^ O2?. cit ii. p. 175. 



774 


GEOTECTONIG (STEUCTUIUL) GEOLOGY 


BOOK IV 


clianged into quartzite. The shales are marked hy tlie production of ne\r mica, with 
chlorite, quartz and sometimes felspar, as well as biotite, aiidaliisite, antliopyllite, &:c. 
The calcareous shales display the most extreme alteration in the whole section of strata ; 
they have sometimes been converted into a brown compact horiifels-like rock, full of 
garnets, and containing also idocrase, spinel (enclosed in the garnet and idocrase), tlic 
general ground mass forming a calcareous adiiiole. The limestone even at a distance of 
60 feet from the contact has been completely re-crystallized, w'hile small augite crystals 
have been developed at a distance of 40 feetd 

At Eongstock on the Elbe in Bohemia certain Seiioiiian marls have been invaded l)y 
a mass of dolerite or gabbro, probably of Tertiary age. At a distance of SOO metres 
from the contact the strata begin to get harder in texture and darker in colour ; at 500 
metres their foraminifera become hardly discernible, and at 400 metres arc no longer 
traceable, their places being taken by calcite. -At 200 metres the marls regain their 
lighter colour and begin to show little nests of epidote. This niiiieral gradually attains 
a greater development as the intrusive mass is ap|)roached, forming groups of })arallel 
needles until immediately at the contact the marl is found to have been converted into 
a greyish-white handed rock, formed of folia of epidote, garnet, and qnartz, while the 
interstratified layers of sandstone liave been ind united to the compactness of quartzite, - 

Among localities where tlie development of new minerals in proximity to eruptive 
rock has taken place on the most extensive scale, none have been more frequently or 
carefully described than some in the group of mountains lying to the east and south-east 
of Botzen, in the Tyrol (Monzoui, Prcclazzo). Limestones of Lower Ti'ias.sic (or Permian) 
age have there been invaded by' masses of monzonite, granite, rnelaphyre, diabase, and 
orthoclase-porpliyry. They Inive become coarsety-eiystalliiie marble, portions of them 
being completely enveloped in tlie eruptive rock. But tlieir most remarkable feature i.s 
that in them, and in the eruptive rock in contact with them, many minerals, often 
beautifully crystallized, have been developed, including garnet, idocrase, gehleriite, 
fassaite, pistacite, spinel, anorthite, mica, magnetic iron, hfematitc, apatite, and ser- 
pentine. Some of tliese minerals occur cliieliy or only in the eruptive masses, others 
more frequently in the liiue.stoue, wdiich is marked hy a lime-silicate hornstoiie zone 
along the junction. But these are all products of contact of tlie two kinds of rock. 
Layers of carbonates (calcite, also with hrucitc) alternate with laniiiiic and streaks of 
various silicates, in a manner strikingly similar to tlie arrangement found in limestones 
among areas of regional metamorpliisrn, wliere no visible intrusive rock lias iiiliuenciHl 
the phenomena.^ 

Alteration of the Intrusive Roek. — While the igneous masses have 
produced more or less metamorphism in the rocks with which they have 
come into contact, they have not infrequently themselves undergone 
considerable simultaneous modifications both of composition and strncbui-e. 
Perhaps the most conspicuous illustrations of this reaction are supplied 
where basic intrusions have forced their Avay among highly caibonaceous 

^ W. M. Hutchings, Gcal. Mag. 189S, pp. 69, 12.3. 

" Professor Plibsch, VerhamlL K. It. GeoL PMchsrcn.^L Vicmiia, ISS9, No. 11, p. 201 ; 
BiickstWim, Geol. Foren. Stoclclwlm^ xiii. (1891), p. 578. 

On the Monzoni region, see Doelter, Jahrlj. Gaol. Rdchsansialt, 1875, p. 207, 
wliere a bibliography of the locality np to the date of publication will be found. Other 
papers Iiave since appeared, of which the following dealing witli the plienoniena of eontact- 
metarnorphism may be mentioned. G. vom Rath, 2!. J). G. G. 1875, p. 343 ; ‘IJer Mon- 
zoni in siidostlicheii Tirol,’ Bonn, 1875 ; Lemberg, 2. 1). G. (>. 1877, ]). 457. 0. v. Hiiber, 

Z. IX a. G. li. (1899), p. S9 ; and the memoir of BriJgger on the succession of the eruptive 
rocks of Predazzo, being Part ii. of his work ou the eruptive rocks of the Christiania district, 
cited ernie, p. 217. ’ 
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strata. A compact crystalline black heavy basalt or dialjase, when it sends 
sheets and veins into a coal or bitaminous shale, becomes yellow or white, 
earthy, and friable, loses weight, ceases to have any apparent crystalline 
texture, and, in short, passes into what would at first unhesitatingly be 
pronounced to be mere clay. It is only when the distinctly intrusive 
character of this substance is recognised in the veins and finger's which it 
sends out, and in its own irregular course in the altered coal, that its 
true nature is made evident. Microscopical examination shows that this 
“white-rock or “white-trap’’ is merely an altered form of some diabasic 
or basaltic rock, wherein the felspar crystals, though much decayed, can 
yet be traced, the aiigite, olivine, and magnetite being more or less 
completely changed into a mere pulverulent earthy substance. Traces of 
tire glassy selvage of contact may still sometimes be detected in these 
altered rocks. 

Examples of this alteration of the intrusive rock have been above referred to. They 
may be frerpiently observed in Central Scotland, where the coal-seams in the coal-fields 
have been d(istro3"ecl by injected sheets of basalt, and where, along tlie shores of the 
Eirtli of Eortli, as well as in water-courses and quarries, innumerable instances occur 
of the invasion of black shales by similar material with the consequent production of 
“white-trap.” The following diemical analj’ses show that basic i*ocks which have 
undergone this kind of alteration have been converted into kaolin and carbonates. 



I. 

ir. 

Silica 

3S'S30 

36-S 

Alumina 

13'2o0 

22-95 

Lime 

3*925 

9-73 

Magnesia 

4'ISO 

2*85 

Soda 

0*971 

0*5 

Potash . 

0-422 

1-1 

Iron protox. . 

13 '830 

4-OS 

Iron pierox. . 

4-335 

2-6 TiOo 

Carbonic acid 

9-320 

11-9 

Phosphoric acid 


0-75 

Flangan. protox. . 


trace 

W ater . 

11-010 

7*7 


100-073 

100 -96 


I. Erom the South Staffordshire coal-field. Analysed by Heniy, Mem. Qeoh ^urv., 

“South Staffordshire.” p. 118. An account of “white-trap” by Jukes is given 
in this memoir. 

II. From Newhalls, South Qiieensferry, Linlithgowshire. Analysed by E. Steelier, 
Tsclicr'inaJc s Mittheil. i. (1SS7), p. 190; Pwe, Moy. Soc. Pdin. ISSS. These 
papers contain the result of Dr. Stecher’s investigation of a collection of 
specimens which I sent to him in illustration of the phenomena of contact- 
metamorphisni in the basin of the Firth of Forth. 

In studying the microscopic structure of the rocks wliicli have been altered in this 
way, Dr. Steelier lias shown that along the edges of contact with the sandstones or 
shales, the diabases present a great abundance of well-defined crystals of olivine, tliat 
as the rock is examined progressively further from the contact, these crystals become 
more or less corroded, while in the centre of the sheet they so entirely^ disappear that 
the rock appears as a diabase without olivine. He found that the interior qiarts of the 
mass are more acid than the exterior piarts, and he attributed this difference to the 
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incorporation of silica from i-ocks (sandstones, ) broken throngli by the dial)ase. 
Tlie outer olivine-bearing selvage lie regarded as representing the original composition 
of the rock at the time of its extrusion, and he thought that the assimilation of acid 
material by the central still iiuid and slowly cooling portion led to the corrosion and re- 
solution of the olivine which at the time of extrusion, as proved by the marginal selvage, 
was already perfectly crystallized out. In some of the rocks he found a surplus of silica 
which had crystallized as quartz. Recognising that the first portion to take definite 
crystalline form would be more basic than the still liquid portions, he yet concluded 
that this will not account for the observed facts, which in his opinion point to an actual 
addition of silica.^ 

Basic rocks have exerted a caustic influence more especially upon the 
fragments (xenoliths) of other rocks which they have caught up and 
involved. By this action they have incorporated some foreign material 
into their substance so as to modify their chemical constitution and to 
leave unused only a few refractory minerals like zircon, sapphire, and 
others. It has been supposed that no such action occurs among acid 
rocks.- It is true that in what may be regarded as fdutonic or deep- 
seated masses of these rocks caustic absorption of this kind appears to be 
absent. But instances have been multiplying in late years of large 
intrusive masses of acid material which, probably connected with volcanic 
protrusions, and therefore exercising their influence nearer the surface 
and under diminished pressure, have unquestionably dissolved more or 
less of the rocks through which they have risen. Their caustic action 
has been most marked when brought to bear upon materials com- 
paratively basic in composition, as where granophyre has penetrated and 
incorporated gabbro. 

The instructive example of this action described in 1894 by Professor Sollas from 
Barnavave near Carlingford, in the north-east of Ireland, showed that a Tertiary gabbro 
already solid and traversed by joints and cracks was invaded by granitic (or granophyric) 
material, which must have been in a state of great fluidity so as to be injected into the 
minutest crevices of the older rock (compare Fig. 313). This acid material has absorbed 
so much of the gabbro as to present distinct differences of mineralogical and chemical 
composition, according to the amount and constitution of the portions thus assimilated. 
Professor Sollas believes that at least four varieties of the acid rock owe their characters 
to this cause — hiotite-granophyre, biotite-amphibole-granophyre, augite-granophyre, and 
diallage-amphibole-augite-granophyre.'^ 

Another instance is supplied by the granophyre of Carrock Fell, already noticed 
(p. 710). Mr. Harker has shown that the augite has been wholly dissolved out of the 
portion of the gabbro at the junction and incorporated in the acid rock, and that the 
felspar has also in great part been dissolved, though some of the large crystals of plagio- 
clase in the modified granophyre may belong to the gabbro, while the iron-ores and 
apatite remain with little or no change.^ 

A third illustration has been brought to light by Mr. Harker from the Tertiary 
volcanic series of Skye, where a granophyre has invaded a gabbro and has absorbed so 
much of the basic material as to constitute fully one-fourth ofits own bulk.''^ 

^ See his papers, cited above. 

Zirkel remarks, for instance, that it is not met with among the fragments enclosed in 
granites and syenites, “ Lehrhuch der Petrograpliie,’' i. (1893), p. 593. 

^ Trans. Roy. Irish Acad. xxx. Part xii. (1894), p. 477. 

^ Q. J. G. >S. li. (1895), p. 136. 

^ Op. cit. lii. (1896), p. 320. 
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Production of Foliation. — The most extreme form of coiitact-nieta- 
xnorphism has been reserved for the last part of this section. In this case 
not only have new minerals been developed, but the whole texture, 
structure, and composition of the altered rock have been changed, and 
■tkis transformation has sometimes been accompanied by such a complete 
transfusion or interblending of the erupted and the metamorphosed rock 
thiat no sharp line can be drawn to define their respective limits. Refer- 
ence has already been made to some of the aspects of this commingling 
in connection with the relation of certain intrusive masses of granite. 
"We have now to consider it rather as it has affected the rocks into which 
th.e granite has been intruded. The chief feature of this intensest type of 
contact-metamorphism is the production of a foliated structure, which in 
different cases may be observed in every stage of development, from the 
incipient micaceous films of a clay-slate or phyllite up to the thoroughly 
crystalline condition of a schist or gneiss. This structure is recognisable 
whether the line of separation between the eruptive rock and its surround- 
ings is distinct, or is lost in that lit par lit alternation which has already 
Toeen described (p. 7 28). In its feebler development it can be seen to have 
followed the pre-existing divisional planes of the rocks affected by it. In 
some cases these planes have been those of bedding, in others they have 
been those of cleavage, when the latter had become the most pronounced. 
But in the extreme stages it is sometimes dijBiculb or impossible to decic^e 
whether the planes of foliation represent previously existing planes or 
bave been developed along a new series connected with the influence of 
tbe intrusive rock, Where a group of sedimentary rocks of tolerably 
various petrographical characters strikes at a large eruptive boss, so as to 
present to it the ends of successively different strata, the foliation which 
follows approximately the margin of the igneous mass, and crosses the strike 
of the stratification of the metamorphosed rocks, must obviously be due to 
the action of the invading material. The petrographical contrasts between 
the original sediments will still be evident in their metamorphosed condi- 
tion, so that the character -of the material and the degree of its foliation 
may be expected to vary as the metamorphism is followed from argillace- 
ous to siliceous or calcareous hands. These features have a special signi- 
ficance, as they connect in the most intimate way the phenomena of 
contact and regional metamorphism. 

It is natural that various opinions should he entertained as to the 
cause of the rough parallelism which may thus he traced between the 
margin of the eruptive mass and the direction of the foliation in the 
immediately adjacent rocks. If we regard the foliation in regional 
metamorphism as having had its planes determined by shearing stresses, 
increasing even to rupture, we may suppose that some similar mechanical 
effects were produced around a great boss of eruptive material driven like 
a huge wedge into the terrestrial crust, and that along the planes of 
cleavage or rupture thus orginated the foliation was simultaneously or 
subsequently developed, with the co-operation of the mineralising agents 
supplied from the intrusive mass. There appear to he cases where large 
masses of eruptive material have taken their places in the crust before the 
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completion of the organic movements, and have consequently undergone 
some part of the stresses to which the foliation of the surrounding rocks 
is ascribed^ On the other hand, without invoking mechanical aid we 
may seek the explanation in a possible permeation of the metamorphosed 
rocks by the mineralising agents successively passing outward from the 
body of intruded magma, with the consequent formation of successive 
zones of re-crystallization parallel with the peripliery of the plutonic 
mass. Or we may consider whether there might not be an actual trans- 
ference of the magma itself across the surrounding rocks which it was 
able to absorb and incorporate, so as in cooling and crystallizing to give 
rise to segregations of minerals along successive planes parallel to the 
body of cool rock outside and to the surface of the hot mass inside. 

A vast number of instances of such extreme forms of contact- 
nietamorphism have now been described in detail from all parts of the 
world. Space can be found here for only a few illustrative examples, 
taken from some leading types of intrusive rock. 



Pig. 343.— Dyke-like portions of Schorl- 
schist in Devonian slate, west of 
Victoria, Cornwall. 


Granite. — Round the granite bosses of Devon and Cornwall, already referred to 
{a7ite, p. 728), the Devonian and Carboniferous fornia- 
ations have undergone remarkable changes, wliich 
have long been cited as classic examples of contact- 
metamorphism. Fine greywacke and slate liave been 
converted into mica - schist and varieties of gneiss 
(cornubianite). In some cases the slates become in- 
durated and dark in colour, and new minerals (scliorl, 
chiastolite, &c.)are developed in them. The volcanic 
bands intercalated with the sedimentary series likewise 
undergo alteration, the “greenstones,” in particular, 
becoming much more coarsely crystalline as they 
approach the granite. Each boss of granite is sur- 
rounded with its ring of metamorpbism, which varies 
greatly in breadth and in the intensity of alteration.- 
Interesting sections may be seen near Victoria, Corii- 

. ' ^ wall, which show the manner in which schorl has been 

introduced from below into the slates and has given rise to schorl-schist. It will l>e 
remembered that schorl contains some 10 per cent of boric acid and a little iluorine, two 
of the mineralising agents which are regarded as especially effective in the contact-meta- 
morphisni produced by granite. In the sections here referred to, the schorl ha.s been 
introduced in to vertical joints or fis.sures of the silvery slates or killas (Fig. 343, a), 

^ As already pointed out (p. 718), this development of the crystalline structure in i)lutoidc 
rocks at such a time and under .such conditions is Dr. Weinsclieiik’s piezoerystidlizaUmi. 
Covipt. rend, congres. Geol. InUrnat Paris, 1900, p. 340. 

®^c}he, ‘Report on Geology of Devon and Cornwall,’ Mtm. Geol. Survey, 1839 
p. -68. See also Forbes, Trans. Geol. Soc. Gvyniwall, ii. p. 260, and Boase, op. cit. iv. (1832)’ 
p. 166. The micro.scopic structure of the unaltered slates of Cornwall lias been described 
y ^ port, Q. J. G. S. xxxii. (1876), p. 407, and that of the greenstones hy J. A. Phillips 
op at. xxxiv. (1878). Some interesting observations on the metamorphism of Cornish and 

Geological Society, cy;. cil. xxxvi. 
(1880). p. SI etse^ More recent information regarding the granite and metamorphism of 
the south-west of England has been supplied by General M‘Mahon, Q. J. U H xlix (ISOli 
p. SSP ; p 118,11. p, 838 , p. 31 up „8,„, 'i„, „A“Aa. 

p. 492 ; A. Somervail, Geol. Mag. 1898, p. 509. 
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which for a distance of three or four inches on either side have been bleached from 
their usual pink tint into white and pale yellow. The laminae of the slates have 
sometimes been puckered, iincl between them the schorl has been deposited in thin 
black leaves. Those leaves rapidly die out on either hand; and as they are piled 
above each other with only thin partings of slate between them, they look at a little 
distance like black veins or dykes, from a few inches to a foot or more in breadth 
(Fig. 343, b). Where they occur, the slates, which are usually soft and decomposing, 
have been greatly indurated ; the granite is probably in place at no great deptli l»elow, 
but it does not here reach the surface. It has evidently given off, however, mineralis- 
ing solutions which ascended through weak parts of the slates, introducing into 
them the silica which has indurated the rock and formed eyes of quartz and likewise 
the aluminous silicate, with its boric acid, fluorine, and iron-oxide, which sepoarated out 
as schorl. 

In the Lake District of the north of England excellent examples of the phenomena 
of contact may be observed round the granite of Skiddaw. The alteration here extends 
for a distance of two or three miles from the central mass of granite. The slate, where 
unaltered, is a bluish-grey cleaved rock, weathering into small flakes and pencil-like 
fragments. Traced towards the granite, it first shows faint spots, ^ which increase in 
number and size until they assume the form of chiastolite crystals, with which the slate 
is now abundantly crowded. The zone of this chiastolite-slate seldom exceeds a quarter 
of a mile in breadth. Still closer to the granite, a second stage of metamorphisui is 
marked by the development of a general schistose character, the rock becoming more 
massive and less cleaved. The cleavage -planes are replaced by an incipient foliation due 
to the development of abundant dark little rectangular or oblong spots, probably 
imperfectly crystallized cbiastolite, this mineral, as well as aiidalusite, occurring also in 
large crystals, together with minute flakes of mica (spotted scbist, Knotenschiefer). A 
third and final stage is reached when, by the increase of the mica and quartz -grains, the 
rock passes into mica-schist — a light or hlnish-grey^ rock, with wonderfully contorted 
foliation, which is develped close to the granite, there being always a sharp line of 
demai’cation between the mica-schist and the granite. - 

In the same region the granite boss of Shap has produced some interesting changes on 
the andesitic rhyolitic and more basic lavas and tuffs associated with the Lower Silurian 
strata. These changes have been studied by ^Messrs. Harker and JMarr, who describe 
the gradual alteration of the andesites by the development of brown mica, liornhleiide, 
sphene, and other minerals. The amygdaloidal cavities had been filled with secondary 
])roducts, and the rocks had been considerably weathered before the intrusion of 
the granite, for the materials filling the vesicles partake in the general metainorphisin. 
By the gradual increase of the brown mica and the production of a marked laminated 
structure indicated by the parallel disposition of the mica- flakes, these lavas and tuffs 
assume the aspect of true crystalline schists.^ 

Farther north, in the south-western counties of Scotland, several large masses of 
fine-grained granite rise through the Lower Silurian greywacke and shale, which, 
around the granite for a variable distance of a few hundred yards to nearly two miles, 
have undergone great alteration (see Fig. 300). These strata are ranged in steep 
anticlinal and synclinal or isoclinal folds, which run across the country in a general 

^ Mr. Hutchings lias found that in the neighbouring district of Shap the spots which were 
thought to he probably aiidalusite consist of cordierite, and in some cases of wkite mica. 
GeoL Mag. 1894, p. 65. 

- J. C. Ward, Q. I. G, S. xxxii. (1876), p. 1. Compare the development of anclaliisite 
in regional inetainorphism, p. 797, note. 

Harker and Marr, Q. J. Gr. aS’. xlvii. (1891), p. 266, and xlix. (1893), p. 359, Avhere 
some interesting conclusions are given as to the trivial and partial nature of the chemical 
changes produced by therniometamorphism. 
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north-east and south-west direction. It is observable that this normal strike continues, 
with little modification, up to the granite, which thus has replaced an equivalent area of 
sedimentary rock (see p. 72S). The coarser arenaceous beds, as they approach the granite, 
are changed into quartz-rock, the thin siliceous shales into Lydian-stone, the black 
anthracitic graptolite-shales into a compact mass charged with pyrites, and breaking 
into large rough blocks. The radiolarian cherts pass from their usual flinty texture 
into coarsely crystalline (piartz-rocks. Strata wherein felspar-grains abound have been 
altered to a greater distance than the more siliceous beds, and show a gradation through 
spotted schists, wuth an increasing development of mica and foliation, until along the 
edge of the granite they become true mica-schist and even a line kind of gneiss.^ The 
pebbly conglomerates which form a marked horizon among the unaltered rocks, are 
traceable in the metamorphosed areole as rocks which, at first sight, might be taken foi' 
some kind of porphyritic gneiss. Their quartz-pebbles have assumed a resinous asy)ect, 
and are enveloped in a crystalline micaceous paste. 

The French Pyrenees present in.structive examples of the effect of the protrusion 
of granite and other eruptive rocks upon Cambrian and later formations. Fuchs traced 
the metamorphism of clay -slate through spotted schists (frucht-, chiastolite-, and 
andalusite-schists) into mica-schist and gneiss.- The region was afterwards studied in 
great detail by Barrois, who distinguished three successive zones in the nietamorjihic 
areola surrounding the granite. On the outside lies the zone of “goffered schists,” in 
which a puckered structure has been developed ’without any new mineral combination 
of the elements of the rock. FText come the chiastolite -schists, with crystals of 
chiastolite, tourmaline, &c., which become more and more micaceous towards the interior, 
till they pass into the third and innermost zone, that of the leptinolites, which are 
highly micaceous schists with small crystals of chiastolite, and sometimes with tour- 
maline, rutile, and triclinic felspar. Barrois also showed that round the masses of 
kersantite a ring of chloritic mica-sebist has been developed, followed outside by one 
of spotted schists.® 

More recently the granite of the Pyrenees and its contact phenomena have been 
made the subject of detailed studies by Lacroix. He show's that in the Haute Ariego 
the Silurian or Devonian clay-slates not only pass into the usual pbyllitic and micaceous 
condition, but become like the most ancient mica-schists, and immediately next the 
granite have been felspathised until they assume even a gneissic aspect. The felspathic 
substance is supposed to have been introduced partly by imbibition, and is then only 
discoverable by the aid of the microscope, partly by injection where the granite has 
penetrated in thin layers betw’een the lamin?e of the schists. Great changes are likewise 
made on the limestones, which assume the usual marmarised forms, with numerous meta- 
morphic minerals, passing into garnet rocks, epidote rocks, and other compounds. In 
discussing the origin of these changes, Lacroix adopts the view that they have been 
essentially brought about through the influence of the mineralising agents with ’i\duch 
the granite was charged. He further shows that the granite itself presents great 
diversity of composition in different parts of its mass, passing into diorite, norite, and 

^ J. Horne, Mem. Geol. Surv. Scotland^ Explanation of Sheet 9, p. 22. Brit. Assoc. 
1892, p. 712. J.‘ Horne and J. J. H. Teall, Merm. Geol. Surv. Scotland, Explanation 

of Sheet 5, and more especially the large Memoir on the Silurian Bocks of Scotland (1899), 
chap, xxviii. The microscopic structure of the altered rocks in this di.strict has been 
studied by Professor Bonney and Mr. Allport, Rroc. Roy. Soc. xlvi. (1889), and Miss M. J. 
Gardiner, Q. J. G. S. xlvi. (1890), p. 569. 

^ E. Jahrh. 1870, p. 742 ; see also Zirkel, Zeitsch. JOeutsch. Geol. Oes. xix. (1867), p. 
175. 

® 'Recherehes siir les Terrains anciens des Asturies et de la Galice,’ quarto, Lille, 1882 ; 
J. Roussel, Bull. Carte. Giol. Frcmce, v. Ho. 35 (1893) ; Carez, B. S. G. F. xxiv. (1896), p. 
389 ; XXV. (1897), p. 456 ; Caralp, xxiv. p. 528 ; Stuatt Menteith, p. 898. 
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even i-)eridotite, and lie accounts for these differences not by supposing any differentiation 
of the constituent materials of the rock, hut hy siipiposing that the granite has probably 
involved and assimilated in various proportions the calcareous sediments tlirougli which 
it has risen. ^ 

A large series of important observations lias been made by Barrois in Brittany with 
regard to the granites and metaniorphism of that region. Thus at G-nemeii^, in the 
maritifne department of Morbihaii, where Lower Silurian strata have been invaded by 
granite, tlie sandstones (gres a scolithes) have been converted into micaceous quartzites. 
These altered rocks, traced farther inwards, are further distinguished by the develop- 
ment in them of sillimanite, sometimes in sufficient abundance to impart a foliated, 
undulated, gneissoid structure. At tlie contact with the eruptive rock, this quartzite 
shows re- crystallized quartz, black mica, sillimanite, cordierite, and a good many crystals 
of orthoclase and plagioclase, besides white mica. The matrix of the conglomerates is 
altered into a mass composed of rounded or angular grains of quartz united by abundant 
white sericitic mica, and containing some crystals of zircon, large plates of muscovite, 
and yellow granules of lirnonite.- 

Iii connection with the French examples of contact-metamorphism reference may 
again he made here to the important researches of M. IMichel-Levy on the extent to 
which sedimentary rocks have been transformed into crystalline schists by the intro- 
duction of granitic material into them {ccnte^ p. 728). It has been proved by this 
geologist, and his observations have since be^n coufirnied in other countries, that in some 
cases (which are probably more frequent than has been suspected) the strata have been 
granitised ’’ or permeated wntb the constituents of granite not merely as large veins or 
dykes, but in minute threads and laniinfe, which follow generally the more marked 
divisional planes, such as those of bedding, cleavage, or foliation. To quote only one 
example in this place, near the contact of the micaceous schists of Saint Leon with the 
granite which pierces them, this observer found that the eruptive rock has been injected 
between the planes of the schists in leaves from a few millimetres to one or two centi- 
metres thick. The rock has thus a ribboned appearance from the alternation of numerous 
dark micaceous layers with the finely granular pink or white seams of granite. By such 
a process of metamorphism and injection, undoubted sedimentary strata have acquired 
a structure that can hardly be distinguished from that of some ancient gneisses J 

Another admirable locality for the study of eontact-me tamorphisin is the eastern 
Yosges. Eosenbusch, in describing the phenomena there, has shown that the unaltered 
clay- slates are grey, brown, violet, or black, thinly fissile, here and there curved, 
crumpled, and crowded with kernels and strings of quartz."^ Traced towards the granite 
of Barr Andlau, they present an increasingly pronounced metainorphism. First they 
assume a spotted appearance, owing to the development of small dark points and knots, 
which increase in size and number towards the granite, while the ground-mass remains 
unaltered (knotenschiefer, fruchtschiefer). The ground-mass of the slate then becomes 
lighter in colour, harder, and more crystalline in appearance, while flakes of mica and 
quartz-grains make their appearance. The knots, now broken up, rather increase than 


1 Carte. Geol. Fmnce, Ho. 64, tome x. 1898 ; Ho. 71, tome. xi. 1900. (See cmte, 
p. 710.) 

2 Ann. Soc. CM. JNonl. xl (1884), p. 103 ; xii. pp. 1, 68 ; xv. p. 238 ; xvi. p. 10 ; 
JJnlL Carte 64ol. France, No., 7, 1889. The occurrence of trilohites and orthids in slates so 
altered as to contain well-developed crystals of chia.stolite was long ago noticed by Pnilloii- 
Boblaye [Gompt. rend. vi. 1836, p. 168) ; his observations were confirmed by the Comte de 
Limnr, B. S. O, F. xiii. p. 55. 

2 See besides the papers by Michel- L6vy, Horne, and Greenly, cited ayite, p. 729, another 
by the first-named author, Go G^ol. Intemat. p. 59. 

^ Feues Jahrh., 1875, p. 849, ‘Die Steigerschiefer und hire Contact-Zone,’ Strassbiirg, 
1877. linger, Feues Jakrb., 1876, p. 785. 



782 


GEOTEGTONIG (STEUGTURAL) GEOLOGY 


BOOK IV 


dimiaisli in size ; the hardness of the rock rapidly increases, and the fissile structure 
becomes unrecognisable on a fresh fracture, though observable on a weathered surface. 
Still nearer the granite, the knot-like concretions disappear from the rock, which then 
has become an entirely crystalline mass, in which, with the lens, small flakes of mica 
and grains of quartz can be seen, and which under the microscope appears as a thoroughly 
crystalline aggregate of andalusite, quartz, and mica. The proportions of the ingredients 
vary, but the andalusite and quartz usually greatly pre 2 )onderate (andalusite-schist). 
Chemical analysis shows that the unaltered clay-slate and the crystalline andalusite- 
schist next the granite consist essentially of similar chemical materials, and that 
‘‘probably the rnetamorphism has not taken place by the addition or subtraction of 
matter, but by another and still unknown process of molecular transposition.” ^ In 
some cases, boric acid has been supplied to the schists at the contact.- Still more 
striking, pei’haps, is the condition of the rocks at Eothau ; they have become horn- 
bleiidic, and their included corals have been replaced, without being distorted, by 
crystals of hornblende, garnet, and axinite.*' 

In the Christiania district of Southern Norway, singularly clear illustrations of the 
rnetamorphism of sedimentary rocks round eruptive granite have long been known. 
Kjerulf has shown that each lithological zone of the Silurian formations, as it a])proaclies 
the granite of that district, assumes its own distinctive kind of rnetamorphism. The 
limestones become marblCj with crystals of tremolite and idocrasc. The calcareous and 
marly shales are changed into hard, almost jaspery, shales or slates ; the cement-stone 
nodules in the shales appear as masses of garnet; the sandy strata become hard siliceous- 
schists (halleliinta, jasper, horiistone) or quartzite ; the non-calcareous black clay-slates 
are converted into chiastolite-schists, or graphitic schists, but often show to the eye 
only trifling alteration. Otlier shaly beds have assumed a fine glimmering a^tpearaiice ; 
and, in the ca^loareous sandstone, biotite has been developed. In spite of the meta- 
morphism, however, neither fossils nor stratification have been quite • obliterated from 
the altered rocks. From all the stratigrapliical zones fossils have been found in the 
altered belt, so that the true position of the metamorphosed rocks admits of no doubt.^ 
Professor W. 0. Brbgger has subjected the rocks of the zones of eontact-metamorphism 
round Christiania to a searching microscopic examination, and has published a highly 
important and interesting memoir on the subject. He describes the unaltered and 
altered conditions of the more conspicuous stratigraphical bands, and thus provides new 
material for the investigation of contact-metamorpbism. Especially interesting are his 
descriptions of the distinctive metamorphism of each band, the remarkably variable 
amount of alteration even in the same band, the persistence of recognisable graptolites 
even in rocks that have become essentially crystalline, the transformation of limestone 
into marbloj of which a fourth or fifth part is composed of garnet, partly in large 
rhombic dodecahedrons, and partly as a mould enclosing Orthis ccUligrmmm.^ 

Around the intrusive granite and syenite in the schist district of the Elbe valley hills 
in Saxony some varied manifestations of oontact-raetamorphism have been described 
by F. Becke.® The Silurian clay-slates have there been converted into knotted schists 

^ Unger, op. cit. p. 806. 

- Ptoseiibusch, ‘ Die Bteigerschiefer,’ &c., p. 257. 

A nn. ties Mines, 5^^ ser. xh. p. 318. 

^ ‘Geologie Norwegens,' 1880, p. 75. For the literature of the Norwegian locality see 
E. Beyer, Jahrb. Geol. ReiehMiist. xxx. (1880), p. 26. 

‘Die Silurischen Etageii 2 und 3 im Kristiania Gehiet,’ Kristiania, 1882. Eefereiice 
may Ije made here to the excellent monograph by H. Biickstrom on the crystalline rocks of 
Yestanfi, Scania, in Southern Sweden, Handl. K. ^^vensk. Vetensk. Akad. xxix. (1897). 
He there describes the metinorphism of a series of quartzites and other sedimentary rocks, 
including certain daciter tuffs. 

TschermaE s MittKeil. xiii. (1893), p. 290. Bound the syenite of Meissen in Saxony, 
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and liornMs ; tlie Kieselscliiefer into grapliitio q^uartzite ; tho limestoiies into marble 
and lime-silicate rocks with impregnation of iron-ores ; the diabases and diabase-tuffs 
(schalsteins) into hornblendic rocks. The Devonian greywacke has been, in like njanner, 
tprued into liornfels and knotted mica-schist, while the conglomerate, still retaining its 
recognisable quartz and quartzite pebbles, has had its ground mass entirely altered 
into a liolocrystalline aggregate of quartz and biotite, together with muscovite and 
plagioclase. Some of the rocks even assume a gneissoid character. 

One further European example nia}^ be cited from the observations of E. E. Muller, 
who has described round the granite of the Heniiberg near Leliesten in the Frank en- 
wald the occurrence of knotted schists, chiastolite-scliists, knotted mica-schists, and 
aiidalusitic mica-rocks.^ 

The same phenomena have been observed in many other parts of the world. One 
example from America may suffice to show how precisely the facts collected in the Old 
World are repeated in the New. An elaborate examination was made of the contaet- 
inetaniorphisni of the granite of Albany, New Hampshire, by the late Mr. G. \Y. 
Hawesf^ His analyses indicate a systematic and progressive series of changes in the 
schists as they approach the granite. The rocks are dehydrated, boric and silicic adds 
have been added to them, and there appears to have been also an infusioii of alkali 
directly on the contact. He regarded the schists as having been impregnated by very 
hot vapours and solutions emanating from the granite. 

Diorite. — On the whole, it may he said that the breadth and intensity of contact- 
metamorphism decrease in proportion to the increase of basicity in the ernptive mass. 
Granitic and allied acid rocks present the broadest zones of alteration, and in these the 
transformations reach a maximum, while around rocks like basalt the metamorphism is 
often comparatively slight, and seldom extends many feet beyond the immediate neigh- 
bourhood of the intrusive mass. The complicated group of diorites and other rocks 
d escribe d by Gr. H. Williams as the “ Cortland” series of Peekshill, New York, have 
been shown by J. B. Dana and by him to be accompanied by ah interesting series of 
alterations of the surrounding schists and limestones. As the mica-schists are followed 
across the strike in the direction of the intrusive mass, they are observed to heconae more 
and more puckered, the intensity of the alteration increasing in proportion as the intrusive 
rocks are approached, but at the actual contact the original schistose structure almost 
wholly disappears and the rock becomes hard and massive, sometimes consisting of an 
almost colourless pyroxene with some hornblende and quartz. The nietamorpliism, as 
shown by the disappearance of the quartz and muscovite of the schists and the develop- 
ment of biotite, sillitnanite, staurolite, kjanite, and garnet, consists of an addition of 
alumina and iron and a corresponding decrea.se in the proportions of silica and the 
alkalies. Ho fewer than eighteen minerals are enumerated as having been developed by 
contact-inetamorphisin in the zone of alteration."* 

Diabase. — A classical region for the study of eontact-metaiiiorphism is in the Harz. 
Besides the granite masses of the Brocken and Rainberg, around which the Devonian 
and older Palaeozoic rocks are altered into various llinty slates and schists, dykes and 
other masses of a crystalline diabase have been erupted through the greywackes and 
sliales. These strata at the contact and for a varying distance heyond, have been con- 
verted into hard siliceous bands (hornstone) and into various finely foliated masses 
(fleckscliiftfer, bandschiefer, contactseliiefer, the spilosite and desmosite of Ziiicken). 

the diabases, when they come within the areole of coutact-metainorphism, pass into actinolite- 
scldsts and antho^hyllite-scliists. K. Dalraar, Blatt 64 (Tanneberg) Erlciuter. S]jecud -Kart. 
Sa&hsm (1889) ; A. Sauer, dt Blatt 48 (Meissen). 

1 Nmes Jahrh. 1882 (2), p. 205. 

Amer. Journ. Sci. xxi. (1881), p. 21. 

^ Dana,A??ier. Journ. &ci. xxii. (1881), p. 314 ; G. H. "Williaius, cit, xxxvi. (1888), 
p, 254. 
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The limestones have their carbon dioxide replaced by silica in a broad zone of limC' 
silicate along the contact. ^ The black compact limestone of Haserode becomes a white 
saccharoid marble, charged with silicates (rhombic dodecahedrons of garnet, &c.) and 
with its carbonaceous matter segregated into abundant veins. A limestone band con- 
taining ironstone presents, in the Spitzenberg between Altenan and Harzburg, a garnet- 
iferous magnetite containing well-preserved crinoid stems." 

Lherzolite and Ophite. — The limestones and calcareous shales of Liassic age in tlie 
Pyrenees have been invaded by masses of lherzolite, and have in consequence undergone 
contact-metamorphism, passing into hornfels (corneenne), spotted mica-schists, and horn- 
blendic rocks that present a great external resemblance to the altered rocks found around 
granite. Their characteristic minerals, scapolite, biotite, tourmaline, ])yroxene,s, 
amphiboles, and felspars (anorthite to orthose) have been developed in them by 
metamorphism, their own original individualised minerals having been obliterated, 
except inicrocrystalline calcite, and sometimes a little elastic cpiartz. Their colouring 
organic matter has been entirely removed from around the contact, but reappears some 
hundreds of metres away from it. Professor Lacroix in describing these phenomena 
points out that while the highly magnesian lherzolite has no alkalies, tlie mctaniorphoseci 
sediments contain them in abundance as well as other elements, such as boron and 
titanium, which are likewise absent from the eruptive rock. He contends that although 
the altered strata have undoubtedly supplied a portion of the elements required for the 
development of the new minerals, a large part of these elements has certainly been 
brought up from below in the form of emanations or fiiniaroles, having a composition 
quite different from that of the eruptive rock. Tiie action of these substances has been 
especially energetic along the contact which was their line of escape, and where the 
sedimentary rocks have been entirely transformed into silicates.*'^ 

Serpentine and Fourchite (a rock composed almost entiredy of granular augite with 
a ground mass of finer granules of the same mineral). Certain sandstones and radiolarian 
cherts in Angel Island, San Francisco, have been invaded by these basic rocks, and 
have undergone a remarkable metamorphism along their contact with them. In each 
case they have been converted into holocrystalline amphibole -schists, in whicli the 
amphibole is the beautiful blue variety known as glancophane. Both the sandstone and 
the cherts have undergone this transformation, which occurs witli the same general 
characters along the contact with each of the intrusive rocks. From the fact that thti 
schist produced from the alteration of the sandstone presents no essential difference from 
that formed out of the chert, and also that no distinctive feature can be detected between 
the metamorphism effected by the fourchite from that due to the serpentine, Mr. 
Ransome concludes that the unknown causes that have led to the development of the 
glaucophane and its accompanying minerals are not confined to any single rock, but 
must be dependent upon the common properties of at least two of them, the chert and 
sandstone on the one side, and the serpentine and fourchite on the other. He thinks 


^ Zincken, Karsten und v. Dechen, Archiv. v. p. 345 ; xix. p. 583. Fuchs, N, Jahrh, 
1862, pp. 769, 929. K. A. Lessen, Z. D. G. G. xix. p. 509 (on the Taunus) ; xxi. p. 291 ; 
xxiv. p. 701. Kayser, op, cit. xxii. p. 103. The memoirs of Lessen form some of the 
most important contributions to our knowledge of the phenomena of metamorphism. 

K. A. Lessen, Z. D, Q. G. xxix. 1877, p. 206. Erl&uter, GeoL Apecial-KarL PreiiHs, 
Blatt, Harzgerode (1882). 

■ ^ Nouv, Archiv. Museum, Paris, 3® ser. vi. ; Bull. Carte. G'ml. France, No. 42, Vi. 1895, 

F. Leslie Ransome, “The Geology of Angel Island,” Bull. Geol Univ. California, 
i. No. 7 (1894), p. 193. That these glauconite-schists are the result of contact-meta- 
morphism has been also affirmed by Professor A. C. Lawson in bis sketch of the geology 
of the San Francisco peninsula Ann. Rep. U.S. Geol. Surv.). More recently Mr. 
H. W. Turner has thrown doubt on the observations, but without any further explanation of 
them. Journ. Geol. vi. (1898), p. 490. 


REaiONAL METAMURRHim 


785 


P^RT VIII § ii 


that possibly both the intrusive rocks may have come from the same original reservoir. 
If they were endowed vitli the same mineralising agents and possessed similar 
temperatures, we may suppose that they would exercise much the same kind and 
amount of metamorphic influeiice, and possibly the chemical composition of the sand- 
stone (which eoiitaiiis 70*50 per cent of silica) may not Itave been markedly different 
from that of the chert. 


§ it. Reg'ional Metamorphism — the Crystalline Schists.^ 

Prom the phenomena of metamorpliism round a central boss of 
eruptive rock, we now pass to the consideration of cases where the meta- 
morphism has affected wide areas without visible relation to eruptive 
matter. It is obvious, however, that in many regions eruptive rocks, 
though they do not appear at the surface, may lie at no great distance 
beneath it, and hence that what have been regarded as proofs of regional, 
may really be results of contact-metamorphism. The difficulty of dis- 
crimination is lessened in proportion to the extent of the region in which 
no exposure of igneous rock makes its appearance. Under any circum- 
stances, only those examples are here admissible in evidence where there 
is distinct proof that what are called metamorphic rocks either pass into 
masses which have not been metamorphosed, or present cliaracters which 
are proved to have been produced by the alteration either of stratified 
or of massive rocks, in other areas of too wide an extent to warrant the 
attribution of tlie alteration to the influence of any igneous rock. In 
the study of this difficult but profoundly interesting geological problem, 
it is desirable to begin with the examination of rocks in which only the 
slightest traces of alteration are discernible, and to follow the gradually 
increasing metamorphism, until we arrive at the most perfectly developed 
crystalline condition. It is the earliest stages which are of most im- 
portance, for it is there that the nature and proofs of the changes can 
best he established. As already remarked (p. 766), the igneous rocks, 

^ Out of the copious literature devoted to this subject it may be sufficient to cite here 
chiefly some of the earlier writings, in addition to others of later date, which will be referred 
to ill the following pages : Delesse, Mem. tSavans Atrcmgers^ xvii. Paris, 1862, pp. 127-222; 
A'?in. des Mines^ xii. (1857) ; xiii. (1858) ; ‘ Etudes sur le Metainorphisme de.s Eoches,' Paris, 
1869 ; Eurocher, ‘‘fcides sur le Metamorphisine des Roches,” jB. >S'. (/. F. (2), iii. (1846) ; 
Daubree, Aim. des Mi?ies, 5'“® sme, xvi. p. 155 ; Bischof, ‘Chemical Geology,’ cliap. xlviii. ; 
J. Roth, “ XJeber die Lehre von’Metaiiiorphisinus,” Ahht-ndlimgtn Akad. Berlin^ 1871, pp. 
151-232; 1880; Giimbel, ‘ Oestbayerische Grenzgebirge,’ 1868; H. Crediier, Zeitszh, 
Gesammt N'atunoiss. xxxii. (1868), p. 353 ; jy.Jahrb. 1870, p. 970 ; A. luostmnzeff, ‘Stiidien 
fiber metamorphosirte 6e.steine,’ Leipzig, 1879 ; A. Heim, ‘ Untersuchungen liber den 
Mechanismiis der Gebixgsbildung, ’ 1878 ; A. Rotlipletz, .2’. D. G. G. xxxi. (1879), p. 374 ; 
H. Reiisch, ‘Die fossilien-fiihreiiden krystal-linischeii Schiefer von Bergen,’ German 
translation by Baldaiif, 1883. Xeues Jakrb. (Beilagebaiid), 1887, p. 56 ; Bonimeloen og 
Karmben,’ 1888 ; JRe^. Oeal. Congress^ London, 1891, p. 192 : Leliniaiin, ‘ TJntersuchnngen 
fiber die Entstehnng der altkrystalliiiischen Schiefer,’ 1884 ; J. J. H. Teall, Geol. Mag. 1886, 
p. 481 ; G. H. ■Williams, Bull. U.S. G. S. No. 62 (1890). The papers on the Cry'stalline 
Schists by Heim, Lory, Lehmann, Michel- Ldvy, Lawson, and the U.S. Geol. Survey in the 
report of the London Session of the International Geological Congress (published in 1891) 
should be consulted. 
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from the definiteness of their original structure and composition, 
special facilities for following the nature and extent of the 
involved in the mefcamorphism of a region or of a large series of rockB. 

As in the case of contact-alteration, the extent and character of reg:ioTiJ^ 
metamorphism depend iii the first place upon the original constitution < ** 
the rock acted upon, and in the second place upon the energy of 
metamorphic processes. Certain rocks resist alteration. Pure siliceoi* "" 
sandstones, for example, become quartzites, but generally advance no far 
though occasionally, under intense strain, their particles are drawn 
into a somewhat schistose arrangement. But where felspathic element ^ 
are present, particularly where they are the chief constituents, some 
of mica almost invariably appears, while other new minerals and striictni***^ 
may be developed in progressively increasing abundance. These 
generally culminate in the production of some form of crystalline sclaiBp- 

The most distinctive character of Schists is undoubtedly their folint^ic m 
(p. 244, and Fig. 34). They have usually a more or less conspienLOTiHl>" 
crystalline structure, though occasionally this is associated with traces, * 
even very prominent manifestations, of original clastic ingredients. Tins i r 
foliated or schistose structure varies from the massive or granitic ty i)e * 
the coarsest gneiss down to the extremely delicate arrangement of flti* 
finest talcose or micaceous schist. They occur sometimes in monotoiioi 
uniformity; one rock, such as gneiss or mica-schist, covering vast 
In other places, they consist of rapid alternations of various foliated 
— gneiss, mica-schist, clay-slate, actinolite-schist, and many other specif^H 
and varieties. Lenticular seams of crystalline limestone or marble 
dolomite, usually with some of the minerals mentioned on p. 192, souk* 
times strongly graphitic, not unfrequently occur among them, especially* 
where they contain bands of serpentine or other magnesian 
Thick irregular zones of magnetite, haematite, and aggregates of lioiai- 
blendic, pyroxenic, or chrysolitic minerals likewise make their ax>p€J5^it'‘ 
ance along the folia of the gneisses. 

Another conspicuous feature of Schists is their usual intense cru.xn| >1 i 1 1 ^ 4 : 
and plication. The thin folia of their different component minerals 
intricately and minutely puckered (Figs. 35, 36). Thicker bands may I nt 
traced in violent plication along the face of exposed crags. So iriLc*iiN#* 
indeed have been the internal movements of these masses, that tlio i 
legist experiences great and often insurmountable difficulties in tryiri|ij t<p 
make out their order of succession and their thickness, more especially^ uh 
he cannot rely on the banding of the rocks as always or even gener;i.Hy 
an indication of consecutive deposition. Such evidence of distiJLX*l>iiiif«i% 
though usually strongly marked, is not everywhere equally so. 
areas have been more intensely crumpled and plicated, and where thin k 
the case the rocks usually present their most conspicuously crystal I im* 
structure. 

A further eminently characteristic feature of Schists is their cortiinfirt 
association with bosses and veins or bed-like sheets of granite, syettit i?^ 
quartz-porphyry, diorite, epidiorite, gabbro, diabase, or other mumnivi* 
rocks. In some regions, indeed, so abundant are the granitic atiifl 
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pegmatitic masses and so coarsely crystalline or granitoid are tlie schists, 
that it becomes impossible to draw satisfactory boandary-lines between the 
two kinds of rock, and the conviction arises that in some cases they may 
represent different conditions of the same original material, wliile in others 
they may he due to granitisation (pp. 728, 781). 

The term “ Crystalline Schists ’’ has been generally applied to rocks 
possessing these characters, and more especially to those examples of them 
which underlie the oldest stratified formations. Some account of these 
ancient schists will be giyen in Book VI. Part I At present we are con- 
cerned with the evidence which can be produced that crystalline schists 
are in some areas the result of a widespread metamorphism of rocks which 
were not originally schists, and which might not even he crystalline. In the 
investigation of the problem now- to be considered it is especially desirable 
to study examples where a crystalline and foliated structure has been 
superinduced upon ordinary sedimentary strata without the visible inter- 
vention of any eruptive rock, or where a massive eruptive rock passes by 
degrees into a true schist • in short where the steps in the gradation 
between the unaltered and altered conditions can he clearly traced. In 
recent years so much attention has been given to these transformations 
that our knowledge of metamorphic processes has been greatly extended, 
and the problem of regional metamorphism, though by no means entirely 
solved, is at least much more clearly understood than it lias ever been 
before. 

There is now a general agreement among geologists that a funda- 
mental condition for the production of extensive niineralogical alteration 
of rocks has been disturbance of the terrestrial crust, involving the intense 
compression, crushing, fracturing, and stretching of masses of rock. 
Compression, as we have seen, may give rise to slaty cleavage (p. 417). 
But it has often been accompanied or followed by further internal trans- 
formations in the rocks. Chemical reactions have been set up and 
new minerals have been formed- The effects of pressure and of move- 
ment under great strain in quickening chemical activity are now clearly 
recognised. Not only have the original minerals been driven to re- 
arrange themselves with their long axes perpendicular to the direction of 
the pressure, but secondary minerals with well-marked cleavage have been 
developed along the same lines, and thus a distinctly foliated structure has 
been induced in what were originally amorphous rocks. 

Still more marked are the changes that have resulted where the 
shearing movements have given way to actual rupture, and where the 
rocks have been crashed, faulted, and stretched. The extraordinary 
manner in which the crust of the earth has been fractured in some areas 
of regional metamorphism has been worked out in great detail by the 
Geological Survey in the north-west of Scotland.^ We there perceive 
how slice after slice of solid rock has been pushed forward, one over the 
other, how those accumulated slices have been driven over others of 
similar kind, how this structure has been repeated again and again, not 
only on a great scale involving mountain-masses in the movement, but 
1 q. J. Q, S. sliv. (1888), p. 378. 
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even on so minute a scale that the ruptures and puckerings cannot be 
seen without a microscope (pp. 792, 886). 

Such dynamical movements could not but he accompanied with wide- 
spread and very marked chemical rearrangements. Along the margins 
of faults or planes of movement where shearing has been succeeded by 
rupture, the rocks have been ground against each other; the crushed 
material has assumed a foliated structure, in which the folia are parallel 
to the planes of movement. This foliated selvage, with its new mineral 
combinations, gradually passes into the amorphous or less crushed rock on 
either side. In such places, sericite, biotite, chlorite, or some other 
secondary product with its cleavage-planes ranged in one common direction, 
shows the line of movement and the reality of the chemical recombinations. 
In the body of a mass of rock, also, subject to great strain, relief has 
lieen obtained by rupture and crushing along certain planes, with a 
consequent greater development of the secondary minerals along these 
planes, and the production of a banded or schistose structure in a rock 
that may have been originally cjuite homogeneous ^ (Figs. 266 and 367). 

The recognition of the powerful part taken by mechanical deformation 
in producing the characteristic structures of many schistose rocks has 
not unnaturally led to some exaggeration on the part of geologists, who 
were thus provided with what appeared to be a solution of difficulties 
which at one time seemed insuperable. There can hardly l^e any doubt 
that the theory of mechanical deformation has been too freely used and 
has been applied to structures to which it cannot properly be assigned. 
Among the coarser gneisses, for example, the segregation of widely 
distinct minerals, such as quartz, felspar, hornblende, pyroxene, magnetite, 
d:c., in more or less parallel lenticular bands is a structure that seems to 
find its nearest analogy in the banding of eruptive masses of gabbro and 
other rocks already described (p. 711), where the alternations of different 
material are obviously original and have arisen from the simultaneous 
intrusion of heterogeneous materials. The effect of subsequent mechanical 
deformation and crystalline rearrangement may sometimes have partially 
or wholly obliterated this first banding by a later foliation (Figs. 362, 368). 

But while this tendency to a too liberal use of dynamical causes in 
explication of all the structures of the crystalline schists must be admitted, 
we are now furnished with ample evidence of the efficacy of iriechanical 
movements in the production of regional metamorphism. As has been 
above (p. 681) pointed out, it is frequently possible to detect portions of 
the original structures, to show that they belonged to certain familiar 
and definite types of sedimentary or eruptive rocks, and to trace every 
stage of transition from them into the most perfectly developed crystalline 
schist. In the crushing down of large masses of rock during powerful 
terrestrial movements, lenticular cores of the rocks have frequently escaped 
entire destruction. Bound these cores the pulverised material of the 
rest of the rock has been made to flow, somewhat like the flow-structure 
round the porphyritic crystals of a cooling lava (compare Figs. 18 and 265). 
Successive gradations may be followed until the cores, becoming smaller 
1 G. H. Williams, B. U,S. G. S. No. 62 (1890), pp. 202-207- 
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by degrees, pass finally into tke general reconstructed material. That 
this structure is not original, but has been superinduced upon the rocks 
after their solidification, can thus be abundantly demonstrated. Among 
the sedimentary formations the elongation and flattening of the pebbles 
in conglomerates, and the transition from grits or grey wa ekes into foliated 
masses, prove the structure to have been superinduced (Figs. 265, 267). 
Among eruptive rocks the crushing down of the original minerals, and 
their transformation into others characteristic of foliated rocks, afford 
similar proof. 

So great has been the pressure exerted by gigantic earth-movements 
upon the rocks of the crust that even the most solid and massive 
materials have been sheared, and their component minerals have been 
made to move upon each other, giving a flow-structure like that 
artificially produced in metals and other solid bodies (pp. 419, 681). 
But it may be doubted -whether this motion is ever strictly molecular 
w^ithout rupture of the constituent minerals. Microscopic examination 
shows that, at least as a general rule, the minerals in the most thoroughly 
bent and crushed rocks have been broken down. It is observable that 
under the effects of mechanical strain the minerals first undergo 
lamellation, twinning being developed along certain planes. This 
structure increases in distinctness with the intensity of the strain so long 
as the mineral (such as felspar) retains its cohesion, but its limit of endur- 
ance is eventually reached, beyond which it will crack and separate into 
fragments, -which, if the movement is arrested at this stage, may he 
cemented together by some secondary crystallization of the same or 
another mineral filling up the interspaces. Tut should the pressure 
increase, the mineral may be so wholly pulverised as to assume a finely 
granular (injdonitic) structure or a mosaic of interlocking grains, which 
under the influence of continual shearing may develop a streaky arrange- 
ment, as in flow-structure and foliation.^ 

One of the most important effects of this mechanical deformation 
and trituration has been the great stimulus thereby given to chemical 
reactions. These were effected under gigantic pressures, at more or less 
elevated temperatures and in tlie presence of at least such water as may 
have been interstitially contained in the roclcs. So constant and so great 
have they been, and so completely in many cases have the ingredients of 
the rocks been recrystallized in fresh combinations, that the new structures 
thus produced have been apt to mask the proof of the mechanical deforma- 
tions that preceded or accompanied them. It is in the main to the light 
thrown on the subject by the microscopical investigation of the minute 
structures of the metamorphosed masses that we are indebted for the 
recognition of the important p)art played by pressure and stretching in 
the production of the more essential and characteristic features of 
inetamorphic rocks. Many chemical rearrangements may undoubtedly 
take place apart from any such dynamical stresses, but none of these 
stresses appear to have affected the metamorphic rocks without being 
accompanied by chemical and mineralogical readjustments. 

^ Lehmann, op. dt. pp. 245, 249 ; G-. H, William!?, B. U.B. r/. A'. No. 62, p. 47. 
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The mineral transformations observable in regional metamorphism 
“may consist (1) in the breaking up of one molecule into two or more 
ivith but little replacement of substance, as in the formation of saussurite 
from labradorite ; (2) in a reaction between two contiguous minerals, 
each supplying a part of the substance necessary to form a new 
compound of intermediate composition, more stable for the then existing 
conditions than either, as in the formation of a hornblende zone between 
crystals of olivine or hypersthene and plagioclase ; or (3) in more 
complicated and less easily understood chemical reactions, like the 
formation of garnet or mica from materials which have been brought 
together from a distance, and under circumstances of which it is at present 
impossible to state anything with certainty.” The following transforma- 
tions especially deserve attention. 

Micasisatio'ii — the production of mica as a secondary mineral from felspars or other 
original constituents. One of the most common forms of this change is where the silky 
unctuous sericitc has been developed from orthoclase (sericitization). The formation of 
mica is one of the most common results of the mechanical deformation of rocks, and is 
most conspicuous where the pressure or stretching has been most intense. Massive 
orthoclase rocks, such as granite, cpiartz-porpliyry or felsite, when most severely crushed, 
pass into sericite schist ; felspathic grits and slates may bo similarly changed. 

Uralitisation — the conversion of pyroxene into compact or fibrous hornblende. 
This change may not be a mere case of paramorphism or molecular rearrangement, ’but 
seems generally to involve a certain amount of chemical transformation, such as the 
surrender of part of the lime of the pyroxene towards the formation of such combinations 
as epidote,^ and the higher oxidation of the iron.^ It has taken place on the most 
extensive scale among the crystalline schists. Kocks which can be shown to have been 
originally eruptive, such as diabases, have been converted into epidioiite, and where the 
deformation has advanced further, into hornblende- schist or actinolite-schist. 

Epidotisation — the prodifction of epidote in a rock from reactions between two or 
more minerals, especially between pyroxene or hornblende and plagioclase. In some 
cases diabases have been converted into aggregates of epidote and quartz or 
calcite, epidosite, epidote-schist (p. 253).® 

ScmssiLTitisation — the alteration of plagioclase into an aggregate of needles, prisms, 
or grains (chiefly zoisite), imbedded in a glass-like matrix (albite), by an exchange of 
silica and alkali for lime, iron, and water. This change has largely affected the felspar 
of coarse gabhros or eupliotides, in districts of regional metamorphism. ^ 

Alhitisation — a process in which, while the lime of the plagioclase is removed or 
crystallizes as calcite, instead of forming a lime-silicate like epidote or zoisite, the rest 
of the original mineral recrystallizes as a finely granular aggregate or mosaic of clear 

^ G. H. Williams, Bull. U.S. G. S. No. 62 (1890), p. 50. This admirable essay, with its 
copious bibliography, will well repay the careful perusal of the student. I am indebted to it 
for the abstract of metainorphic processes above given. The student may usefully consult 
the suggestive essay of Mr. C. R. Van Hi.se on the metamorphism of sedimentary and igneous 
rocks, with especial reference to the pre-Camhrian series of North America, 16^!/// xinn. Rep. 
U.S. O. S. (1896), pp. 683, 715. 

^ See especially Lehman’s ‘ Uutersuchungen iiher die Entstehiuig der altkrystallinischen 
Schiefergesteine, ’ where the development of sericite as a result of mechanical deformation is 
well enforced. ^ Rosenbusch, ‘Mikrosk. Phys.’ 2nd edition (1887), p. 185. 

^ J. J. H. Teall, Q. J. G. S. xli. (1885), p. 137. 

® A. Schenck, ‘ Die Diabase der oberen Ruhrthals,’ 1884. 

® Hagge, * Mikroskopische Untersuchungen iiber Gabbro,’ &c. Kiel, 1871, p. 51. 
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grains of albite. Examples of this cliaiige may be found in association with the 
development of saiissurite.^ 

Chloriti&aUmi — an alteration in •which the pyroxene (or hornblende) of the so-called 
greenstones” has been changed into secondary substances (1) more or less fibrous in 
structure allied to serpentine, not pleocliroic but showing a decided action on polarised 
light ; or (2) scaly, pdeoehroic, polarising so weakly as to appear isotropic, and more or 
less resembling chlorite. This alteration is ratlier the result of weatliering than of 
metamorphism in the strict sense.- Where chloiitixation and epidotizatioii have 
proceeded simultaneously in aluminous piyroxene or hornhlende, the result is an aggregate 
of sharply defined pale yellow crystals of epidote in a green scaly mass of chlorite.*^ 
Serpe7iti7iisatio7i — an alteration more especially noticeable among the more highly 
basic igneous rock in which olivine lias been a prominent constituent. The gradual 
conversion of olivine into serpentine has been already described (Fig. 32), and the 
occurrence of massive and schistose serpentine has been referred to (pp. 241, 243, 253). 

Alteratmis of Titmiio Itoji . — The ilmenite or titaniferous magnetite of diabases and 
other eruptive rocks undergoes alteration along its margins and cracks into a dull 
grey substance (leucoxene, p. 97), which is a form of titanite or sphere. The grey rim 
frecpueiitly passes into well-defined aggregates and crystals of spliene."^ 

Mar7narosis, or the alteration of an ordinary dull limestone into a crystalline - 
gi’anular marble (p. 772) may he again referred to here as one of the characteristic 
transformations in regional metamorphism. 

Folo7mtisatio7i. — The conversion of limestone into dolomite has been already referred 
to as taking place at present at ordinary temperatures in shallow oceanic waters and salt- 
lakes (pp. 426, 530). As illustrations of this change reference may be made to the upraised 
Tertiary and other limestones of Christmas Island iii the Indian Ocean, which have had 
their organisms almost completely obliterated in consequence of dolomitisation, the 
rocks having recrystallised.^ It may be difficult or impossible to decide whether the 
extensive conversion of original limestone into dolomite in tracts of regional metamor- 
phism is to be regarded as the result of some similar early operation in sea-water, or as 
due to some more deep-seated and later transformation. The marmarosis of dolomites 
must be distinguished from their original te.xture. 

Gfm7iiiisation, See pp. 728, 781. 

Productio7i of Ne7c Minerals. — Tracts of regional metamorphism are characterised by 
the abundant a])pearance of ]iew minerals, which in many xBases are the same as those 
found in zones of contact-metarnorphism, but reach a much greater development. All 
the distinctive minerals of the crystalline schists are examples of this reciystallizatioii 
— quartz, orthoclase, niicroline, oligocla.se, and other felspars, muscovite, biotite, 
hornblende, pyroxene, garnet, cordierite, sillimanite, andalusite, epidote, apatite, zircon, 
rutile, iron-ores, grapliite, and many more. In the coarser gneisses some of these 
minerals attain large diii]ensioiis, especially among the pegmatitic veins, plates of mica 
and crystals ofhonibleude sometimes exceeding a foot in length. 

It ha.s been remarked also that not only is there a close similarity in the range of 
new minerals produced in regional and in con tact- rnetamorpliism, but the order in 
whicli they follow each other through increasing phases of alteration appears to he 
broadly alike in both cases. This similarity is especially conspicuous in the earlier 
stages. In more advanced alteration the rearrangenients and recrystallizations are 
carried out on a iiiueh greater scale in regional metamorphism. After Zirkel had shown 

^ Lo.s,seii, Jahrb. Preuss. Geol, LmuUsemst. 1883, p. 640 ; 1884, pp. 525-530. Duparc 
et Pearce, Compt. rend. 8th Jan. 1900. 

2 Rosenbuscl], ‘ M ikroskopisclie Physiographie,’ pp. 180-184. 

^ G. H. Williams, Bull. U.S. G. >8. No. 62, p. 56. 

^ ACathreiu, Beitsek. Jvryst u7i<Z Miiieml. vi. (1882), p. 244. 

® Andrews, ‘ChrLstma.s Island,’ p. 271. 



792 


CrEOTEGTONIG {STRUCTURAL) GEOLOGY 


BOOK IV 


in 1871 that in some of the clay-slates of disturbed Silurian and Devonian fonnations 
microscopic acicular microlites bad been developed, considerable diversity of opinion 
arose as to their nature and origin. They were variously regarded as rudimentary 
crystallizations of hornblende, rutile, epidote or other mineral. E. Kalkowsky carefully 
isolated, extracted, and analysed 'them from a number of slates and re(.mrded them as 
staurolite, constituting from two to five per cent of the rock.^ The whet-slate of 
Belgium was found by Renard to be characterised by the presence of abundant garnets. 
Microscopic tourmaline has likewise been detected among clay-slates, but probably the 
most generally diffused mineral among these microlites is rutile. The rocks in which 
these microlites occur can hardly be classed as nietamorphic, and yet the presence in 
them of microscopic microlites and crystals shows that they have undergone .some of the 
initiatory stages of metamorphism, by the development of new minerals. All that is 
known of the probable origin of these minerals, negatives the supposition that they 
could have been formed in the original sediment of the sea-bottom on which the organisms 
entombed in the deposits lived and died. For their production, a temperature and a 
chemical composition of the water would seem to have been required, suc*h as must 
have been inimical to the co-existence in the same water of such highly organised forms 
of life as brachiopods and trilobites. 

Besides the appearance of the microlites, one of the most marked of the early stages 
of regional metamorphism -is characterised by the appearance of fine scales of some 
micaceous mineral (muscovite, biotite, &c.). As these micaceous constituents increase in 
number and size, they impart a silky lustrous aspect to the surfaces on wliich they lie 
parallel. In many cases, these surfaces are probably those of original de]')Osit, but where 
rocks have been cleaved or sheared, the mica ranges itself along the planes of cleavage 
or shearing. The Cambrian tufls of South Wales, of which the bedding .still rernains 
quite distinct, present interesting examples of the development of a mica along the 
lamiiue of deposit.^ The Dingle beds of Cork and Kerry, on the other hand, Inivo been 
subjected to cleavage, and the mica appears along the cleavage ])lane.s, w'hich have a 
lustrous surface. The Torridonian and Cambrian sandstones, ([uartzites and shales of 
north-west Scotland .show a development of mica along the suifaccs of the .shearing- 
planes. 

A few illustrative examples of regional metamorpliism, culled ,fi’oni 
different quarters of the globe, and various geological formations, may 
here be given. The subject is further discussed in JBook VL Part 1. 

Scottish Highlands. — Tliis region, consisting mainly of crystalline .seliist.s, 
stretches through four degrees of latitude and four and a lialf of longitude, and thns 
covers an area of not less than 16,000 square miles. .As, however, the.so i-ocks sink ' 
beneath later formations, and are prolonged into Ireland, their total area must be still 
more extensive. Probably no other tract of similar Aze and geological .structure ha.s 
been worked out in such detail and traced upon maps on so large a scale. It wa.s the 
first large area pf schistose rocks where the dislocations and other movements connectcal 
with regional metamorphism were followed out into their smallest i)ro])ortionH, and 
the tectonic structure of such an area was fully unravelled. It may therefore serve as a 
typical region for the study and explanation of the phenomena of metamorphism, in so 
far as these have been attendant on the deformation and rupture of the terrestrial cni.st. 
But it possesses a further advlintage, inasmuch as it displays many eruptive rocks 
which liave been intruded since the general foliation, and which have i)roduecd a 

^ Xeues Jahrb, (1879), p. 382. These bodies are to be dlstiiiguLshed from tlie minute 
crystals of heavy, durable min^als (zircon, rutile, &c.), so common as clastic grains in 
sediments, which, representing the detritus of older crystalline rocks, may often have played 
a part in the sedimentation of more than one geological period (pp. 163, 179). 

- Q. L G. S, xxxix. (1883), p. 310. 
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aimrked contact-nietamorphisiii of the seliists already metamorphosed by the eailiei 
movements. 

Ill beginning the study of this complicated but profoundly instructive territory, the 


student will find that intdie north-western 
counties of Sutherland and Uoss he can 
reach a tract that lay beyond tlie reach of 
the intense disturbances which prevailed 
farther to the east and south. He can 
there readily see, in a series of magnificent 
natural sections, the very oldest undis- 
turbed rocks in 'Western Europe followed 
in consecutive order by those of later date, 
each in its normal position. He is thus 
put in jiossession of the order in which 
the formations were laid down, of their 
nnchanged mineral cliaracters, of their 
iinconformab ill ties and other relations, and 
he obtains the key which will enable him 
to follow the intricate complications of the 
ground lying to the east. The various rocks 
here referred to will be described in their 
proper places in later parts of this volume 
(Book VI. Part 1. § ii., Part II. Sect. i. § 2). 
Por the present we are only concerned with 
their broad cliaracters and their sequence. 

At the base of the whole pile of ancient 
formations lies a remar'kahly coarse crystal- 
line gneiss (Lewisian, 1 in Fig. 344), with 
abundant pegmatite veins, and several 
systems of dykes. It is iinconformahly 
overlain by nearly fiat brownish - red 
(Torridonian) sandstones, conglomerates 
and breccias (2), which in turn are sur- 
mounted nnconformably by inclined beds 
of quartzite (3, 4), sliales (5), calcareous 
grit (6), limestones and dolomites (7), the 
geological age of which is fixed hy the 
occurrence of recognisable fossils in them. 
The quartzite is full of annelide- burrows ; 
the shales contain Olenellus — the distinc- 
tive trilobite of the lowest Cainbriaii rocks ; 
the limestone has yielded Eaditrea, Ihir- 
chisonia, Ophlleta, PleuvotomariK, Or this, 
Orthoceras, Riloceras, and many more 
forms, indicating Cambrian and possibly 
the very lowest Silurian horizons. The 
strata are generally crowded wdth carbona- 
ceous worm-casts (the so-called ‘ ‘ fiicoids 
Along tlieir western margin, these roek.s 
are so little altered tliat they do not in 
any w'ay deserve the name of nietamorpliic. 
lEastward.s, liowever, they pass under varioii 
a vast overlying, thoroughly crystalline seri 



schists and gneisse.s (8, 9, 10), which form 
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Already before the deposition of the Torridonian conglomerates and sandstones the 
Lewisian gneiss had undergone much deformation at successive periods of disturbance. 
During some of these movements its dykes suffered remarkable changes, being squeezed 
into a mere fraction of their breadth and sheared into various kinds of schist. It was 
from one of these dykes that, as far back as 1885, Mr. Teall demonstrated the production 
of hornblende-schist by the crushing down and recrystallization of dolerite.^ All these 
examples of dynarao-metamorphism had ended long before the time of the Torridonian 
strata, which lie with an abrupt uiiconformability on the contorted gneiss and its network 
of dykes. The long period of quiet sedimentation represented by the thick Torridon 
sandstones was followed by an interval marked by another unconformability, and there- 
after by the prolonged time required for the accumulation of the fossiliferous Cambrian 
strata. It was at some subsequent epoch that the earth-stresses manifested their effects 
anew in this region, and produced the regional metamorpliism now to be described. 

It was believed by Maceulloch and Hay Cunningham that the fossiliferous quartzites 
of the north-west of Scotland truly underlie and are older than the eastern gneiss, which 
ill many clear natural sections can be seen to repose conformably upon them. This 
natural view was adopted and worked out in some detail by Murchison, who extended his 
generalisation over the whole area of the Highlands, which he regarded as composed 
essentially of metamorphosed Silurian rocks (see p. 892). Other geologists supported 
Murchison, whose opinions met with general acceptance. Nicol subsequently contended 
that the overlying or “newer gneiss” is merely the old gneiss brought up by faulting. 
Later writers, particularly Professor Lap worth. Dr. Callaway, and Dr. Hicks, advanced 
somewhat similar opinions ; bat the difficulty remained of explaining how, if the 
“newer gneiss” is really older than the fossiliferous strata, it should overlie them so 
conformably as to have deceived so many observers. The problem was subsequently 
attacked independently by Professor Lapworth and by the Geological Survey, especially 
by Messrs B. N". Peach, J. Horne, W. Gunn, C. T. Clough, L. Hinxman, and H. M. 
Cadell, and lias now been solved.^ I fully shared Murchison's belief in a continuous 
upward succession from the fossiliferous Lower Silurian strata into the overlying schists, 
bub the subsequent detailed investigation of the ground convinced me that this belief 
could no longer be entertained. 

T!3Eraciiig the unaltered Cambrian strata eastwards from where they lie in their normal 
position, npon the Torridon Sandstone and old gneiss below, we find them begin to 
undei'go curvature. They are thrown into N.hT.E. and S.S.W. anticlinal and synclinal 
folds which become increasingly steeper on their western fronts until they are disrupted, 
and the eastern limb of a fold is pushed over the western. By a system of reversed 
faults (t t in Pig. 344), a single group of strata is made to cover a great breadth of 
ground and actually to overlie higher members of the same series. The most extra- 
ordinary dislocations, however, are the Thrust-planes. These have so low a hade that 
the rocks on their upthrow side have been, as it were, pushed horizontally westwards, 
in some places for a distance of at least ten miles. But for the evidence of the clear 
coast-sections, these thrust-planes could hardly be distinguished from ordinary strati- 
fiication-planes, like wdiich they have been plicated, faulted, and denuded (dotted lines 
in the Fig.). Here and there an outlier of horizontally displaced Lewisian gneiss may 
be seen capping a hill of quartzite and limestone like an ordinary overlying formation. 

The general trend of all the foldings and ruptures is IST.N.E. and S.S.W., and as the 
steeper fronts of the folds face the west, the direction of movement has obviously been 
from the opposite quarter. That there has been an enormous thrust from the eastwards, 
is further shown by a series of remarkable internal rearrangements that have been 

^ “The Metamorphosis of Dolerite into Hornblende-schist,” Q, J. G. S. xli. (1885), 
p. 133. 

2 The lit^ature of this disputed questidh is fully given in the Report of the Geological 
Survey, Q. L G. S. xliv. (1888), pp. 379-Sa7. 
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superinduced upon the rocks. Every mass of rock, irrespective of litliological character 
and structure, is traversed by striated surfaces, which lie approximately parallel with 
those of the thnist-planes, and are covered with a fine parallel liiieafcioii running in a 
W.jS’.W. and E.S.E. direction. A.long many zones near the tlimst-planes, and for a 
long way above them, the most perfect shear-structnre lias been developed (Fig. 345). 
Thus here and there, where the un conformable junction between the gneiss and the 
conglomerate has come into one of the great lines of crushing, it has been rolled out, 
and the old structures of both rocks have been effaced. The gneiss has acquired a new 
foliation parallel to the shear-planes, and the conglomerate, with its pebbles turned 
round in the same direction, has had its paste converted into a schist, the foliation, of 
which is parallel to that superinduced in the gneiss (Fig. 267). The coarse pegmatites in 
the gneiss have had their pink felspar and milky quartz crushed and drawn out into tine 
parallel laminfe, till they assume the aspect of a rhyolite in which fluxion- structure 



d 


Pig. 345.— Diagram of altered Torridon sandstone, Coinn e-iiiluull, Assyiit. 
a, Coarse grit or arkose ; h, dner do. ; <*, shale; d, jieginatitio material developed as a conseciueiice of 
the cjusliiiig of the rocks by uioveiiient in the direction of the arrow. 

has been exceptionally well developed. Horn hleii de-rock passes into liornhleiide-sohist. 
Sandstones, quartzite.s, and shales become finely micaceous schists. The aiinelide- tubes 
ill the quartzite are flattened and drawn out into ribbands. JSTew minerals, esjiecially 
mica, and even aggregates of pegmatite (Fig. 345), have been abundantly developed 
along the snperindueed divisional pilaiies, and, in many ca.se.«, their longer axes are 
ranged in the same dominant direction from E.S.E. to W.K'WT 

The whole of these rocks have undergone such intense shearing during their west- 
ward displacement that their original characters have in iiiaiiy cases been obliterated. 
Among them, however, can be recognised bands of gneiss which undoubtedly belong 
to the underlying Lewisian serie.s. With these are intercalated lenticular strips of 
Cambrian quartzite and limestone. In some areas the Torridon sandstone has been 
heaped on itself, sheared and driven westward in large slices, the sandstones passing 
into sericitic schists and the conglomerates, as above I’ctiiarked, having their pebbles 
flattened and elongated, while the matrix lias become full of secondary mica. Some of 
the slices of rock thus disrupted and thrust westwards for distances of many miles are of 
gigantic size. Thus in the west of Inverness-shire thiose of moved Lewisiaii gneiss have 
been mapped by Mr. Peacli over areas of more tlian 50 square miles without their limits 
being reached.^ Eastwards, al|^ve one of t he puost marked and persistent thrust- plane.s, 

^ 0/ Progress o/G&^l Sfurv. pr 1S98, ji, 7. . 
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the prevailing rock is a iiaggy Jissile micaceous grannlitic gneiss or gneissosc llagstoiie 
(‘^Moine-sehist,” ]). S92). All these rocks have a general dip and strike j)arallel with 
those of the Cambrian strata on which the}’’ now rest, and in this respect, as well as in 
their prevailing lithological characters, they present the most striking contrast to the 
rocks that unconfonnably underlie the quartzites a little to the west. Whatev(n* may 
have been their age and original condition, they have certainly acquired their pr<*.seiit 
structure since Cambrian times. 

From the remarkably constant relation between the dip of the Canibrian strata and 
the inclination of the reversed faults wdiich traverse them, no matter into what various 
positions the t'wo structures may have been thrown, it is tolerably clear that these dis- 
locations took place before the strata had been seriously disturbed. The ]»ersistent 
parallelism of the faults, folds, and prevailing strike indicates that the faulting and 
tilting w'ere parts of one continuous process. The same dominant north-easterly trend 
governs the structure of the whole Highlands, and reap[)ears over the Silurian tra(ds 
of the south of Scotland and north of England. If, as is proljaldc;, it is the result of one 
great series of terrestrial movements, these must have occurred betw’een the middle or 
close of the Cambrian period and tliat portion of the Old Red Sandstone ]>eriod r(t- 
presented by the breccias and conglomerates of the Highlands. When tlie roetks ’were 
undergoing tins metamorphism, tliere lay to the north-west a solid ridge of old gmuss 
and Torridon sandstone v/hieh offered strong resistance to ])lication (A in Fig. 3M). 
The thrust from tlie eastw’nrd against this ridge must liave been of the most giguntio 
kind, for liiige slices, hundreds of feet in thickness, w’crc shorn off from the (juartzites, 
limestones, red sandstones, and gneiss, and w’cre pushed for miles to tlie w'estward. 
During this process, all tlie rocks driven forward by it had their original stnud-ure 
more or less completely effaced. Kew planes, generally parallel with the surfaces of 
movement, were developed in them, and along these new planes a rcarrangeTiient and 
recrystal lizati on of mineral constituents took place, resulting in the production of 
crystalline schi.sts. 

East of the line of Great Glen which cuts Scotland in tw’o, crystalline schists form the 
Eastern, central, and southern Highlands (Dalradian, p. 893). Though their order of 
succession cannot always be made out, they consist mainly of what w'crc at one time 
sedimentary strata, with intercalated bands of igneous rocks which have ]ik(iwi.s<^ been 
foliated. The amount of nietamorpliism which they have undergone varies coiiHidcrahly 
from one part of the region to another. In the district of Locli Awe the shales, 
phyllites, grits, and limestones are hardly more altered tluui the fossil ifcrou.s Silurian 
formations of the .south of Scotland,'^ and it i.s not too much to liope that tlicy may yet 
yield organic remains. From this tract of mininnnn metamoiqjliiHrn we pass outwards 
through increa.sing phases of alteration until not far to the north-east tlie same strata 
became thoroughly crystalline schists. The stages wdiich eulnuiiate in this transforiua,- 
tion have been studied in the ground to the south-east, where the original sedimcuitary 
strata are foum^ to have undergone a remarkable series of repeated movciufmt.s. 
After having been thrown into folds and having undergone edeavage, thus receiving 
a first system of deformation, they afterwards siitfered more than one repetition of the 
treatment. They consequently jiresent secondary, tertiary, and perliaps even (piateniary 
structures that may be ascribed to mechanical movement wdth accompanying recryHialliza" 
tion. The regional nietamorphism thus produced cannot he traced to the inihience. of 
any igneous intrusion. It is not uiiifomily distributed, hut seems to increase in intensity 
both from south-east and north-west tow'ards a N.E. and S.W. line, wdiich is an anticline 
of the foliation.^ 

Throughout the Central Highlands the rocks are as cry.stalline as any pro-Camhrian 
schists. Yet in many places unmistakable traces of c]a.stic structure can l>e dete,cte(l 


1 Mr. J. B. Hill, ./. a. K Iv. (18^9), p. 470. 

“ “Geology of Cow’al, ” Messns. Clough and J. B. Hill, Mem. (>eol. t^urrei/, 1897. 
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among them. Thns they include bands of andaliisite-slate, ^ of grits full of mell-rounded 
fragments of quartz, felspar, or other ingredients, and even of coarse conglomerate, the 
large boulders of whicli (granite, gneiss, &c.) are wrapped round in a schistose matrix. 
At present there is no clear indication of the age of these roehs. The only fossils found 
in them are aimelide burrows, which have been detected in the quartzites of Perthshire, 
Islay, and Jura. The limestone.s, of which two marked hands on dih'erent horizons traverse 
the Highlands from north-east to south-west, have in general become too crystalline to 
retain organic structures. Zones of graphitic schist can. be followed for long distances, 
and often recall the black graptolitic shales of the Lower Silurian series. Th e officers of 
the Geological Survey have discovered, wedged in hctw'eeii the schists and the great 
boundary fault on the sontliern margin of the Highlands, a grouj) of strata which |>reseiit 
strong resemblance to some Lower Silurian rocks in the Southern Uplands of Scotland. 
They include certain cherts containing Radiolctnay and also some peculiar igneous rocks. 
They shade off so insensibly into the schistose series that no satisfactory line can be 
traced between them. If these strata are definitely identified as Lower Silurian, the 
conclusion may be drawn that the latest deformation of the Highland rocks took place 
after the Arenig period, and that these rocks probably include nietainorphosed Silurian, 
Cambrian, and pre-Oanibrian strata.- 

The Scottish Highlands furnish further interesting material for the study of the 
problems of metarnorpliisni, in tlie various eruptive rocks whicli they include. Thus in 
Banffshire and Aberdeenshire, large masses of diorite, diabase, and gabhro cut the 
schists in places, but run on the whole parallel with the general strike of the region. 
Their appearance, though later than that of the rocks through which they have come, was 
earlier than the regional metamorphisni. The diorite has, in many places, itself under- 
gone great alteration. Its component minerals have ranged themselves in the direction 
of the prevalent foliation, and where they have, probably originally, se])arated into distinct 
aggregates, the felspar forms a hind of labrador-rock, while the hornblende assumes the 
structure of perfect hornblende -schist, Numerous bosses of gran ite and porphyries likewise 
occur, traversing th e diorites and schists and therefore of still later date. We have already 
seen (anie, p, 729) that in the Northern Highlands extensive tracts of schist have been 
“ granitised ” by the permeation of granitic material into them, and especially between 
their lamiiife, whereby they have become highly crystalline gneisses. In the Southern 
Highlands also Mr. G. Harrow lias found evidence tliat over and above the eailie'r wide- 
spread effects of great dynamical movements, a marked amount of metainorphism of 
the schists may be traced to the influence of younger erupted granites and gnei.sses.’*' He 
shows that a vast iiiiraber of pegmatite veins which traverse the schists may l)e traced 
into bosses of intrusive granite or gneiss, the great mass of wliich is concealed below 
ground. He finds that three well-marked zones can he observed in the schists, of which 
the first, lying nearest to the main body of eruptive material, is marked by an abundance 
of sillimanite, the next by kyanite, and the outermost by staurolite. He has followed 
the same band of altered sedimentary material across these xones, wliicli are thus shown 
to be entirely independent of the original structure of the rocks. These observations, 

^ It is important to note, as showing the relation of regional to contact-metaniorphism 
that every stage in the development of the andalusite can be traced in these slates, though 
no eruptive rock appears at the surface. J. Horne, Mineral. Mag. 1884. I have -proposed 
to class the inetamorphic rocks of the Central and Southern Higlilands by the name, of Bal- 
ladian, for convenience of reference, until their true geological position shall have been deter- 
mined. Address Q. J. Q. S. (1891), p. 75, and jposteciy Book VI. Part I. § ii. 

2 See Aiinual Re:poTU of Geol. Survey for the years 1893, 1895, 1896, and Suniniary of 
Progress for 1899, p. 67 ; G. Barrow, Q,J. G. S. Ivii. (1901), p. 328. 

^ It has now been definitely ascertained that the younger granites of the .south-west 
Highlands are later than the Lower Old Red Sandstone volcanic series of LornS. Swnmar}/- 
of Progress of Geol. ^urvAov 19^1, 
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wliicli have been extended over many hundred square miles of Forfarshire, Perthshire, 
and Aberdeenshire, are of much interest and importance as they serve to connect the 
phenomena of contact and regional nietamorphismd 

Scandinavia. — In many resi:)ects the geological structure of the Scandinavia 
peninsula is a prolongation of that of the Scottish Highlands. The general sequence of 
ancient rocks is broadly similar, and the manner in which they have been disrupted and 
metamorphosed closely resembles that which has been established in Scotland. 
Neither in Norway nor in Sweden has the same minutely detailed mapping been 
attempted, which has led to such successful results in the Highlands, but enough has 
been ascertained to show the general tectonic structure of the region and to afford addi- 
tional material for the comprehension of regional metamorphism. A line drawn from 
south to north through the back-hone of Scandinavia divides the country into two 
great tracts, which are distinguished by this broad ditlerence, that the western region has 
been the scene of gigantic movements of the terrestrial crust (p. 693), from which the 
eastern has been comparatively free. Hence the same formations on the two sides of the 
Peninsula present strongly contrasted aspects. These formations range from the most 
ancient ( Archnean) gneisses through certain pre-Cambrian sedimentary groups of consider- 
able thickness, then through representatives of the Cambrian, and Lower and Upper 
Silurian formations up to certain red sandstones, wdiich are supposed to be stratigraphical 
equivalents of the Old Red Sandstone of Britain (pp. 898, 924). Along the eastern 
belt of territory the succession of the rocks is easily deterniined, for their distinctive 
petrographical characters remain, and the fossiliferous strata have yielded an abundant 
series of organic remains. In the western belt, on the other hand, owing to enormous 
horizontal displacements and numerous minor thrusts, the various rocks have been 
ruptured, and slices of them have been pushed over each other, while at the same time 
they have lost their original lithological aspect and have acquired more or less com- 
pletely crystalline structures. The pre-Cambrian arkose known as Sparagmite is thus 
transformed westwards into various quartzose, micaceous, and hornblendic schists, accord- 
ing to its composition, and even into forms of gneiss. The Palaeozoic formations can no 
longer be separated from each other, the shales and sandstones become transforined into 
various crystalline schists and quartzites, while the limestones are marmarised. Yet even 
among these intensely altered rocks organic remains have not been wholly eifaced. In 
the year 1882 H. Reusch obtained from the Bergen district clear proof of the Silurian 
age of certain crystalline rocks in that part of Norway.'-^ He found among masses of 
mica-schist, hornblende-schist, gneiss, and other crystalline rocks, intercalated bands of 
conglomerate which, while obviously of clastic origin, have undergone enormous com- 
pression, the pebbles being squeezed flat and the paste having become more or less cry- 
stalline. The occurrence of such bands would of itself suggest a sedimentary origin for 
a considerable part, if not for the whole of that series of deposits. But from several 
localities he obtained confirmation of this inference by detecting fossils which have been 
recognised as undoubtedly Upper Silurian. Some of them occur in a crystalline lime- 

G. Barrow, Q. J. G. S. xlix. (1893), p. 330. 

2 ‘ Silurfossiler og Pressede Konglomerater i Bergensskifrene, ’ Christiania, 1882, trans- 
lated into German by R. Baldauf, ‘Die fossilien-fUhreuden krystallinisclien Scbiefer von 
Bergen in Norwegen,’ Leipzig, 1883. The metamori)hism of that district is proved to have 
been connected with powerful dynamical movements, the latest of which are of younger date 
than the Upper Silurian period. Prof. Brdgger, in a valuable contribution to the discussion 
of the metamorphism of the Norwegian fjelds (No. 11 of the Mrg. OeoL Undersdg., 1893), 
recognised the original character of some of the altered rocks, and to what subdivisions of the 
Palaeozoic formations they belong. It is now admitted that the Cambrian and Silurian strata 
in the Hardanger section are not really continued upward into the overlying schists, as had 
been supposed, but that these schists have been driven over them upon a great thrust-plane. 
H. Reusch, J. Rekstadt, and K. 0. Bjdrlyke. Ojp. cit. Aarbog, 1902, No. 2, See ^postea, p. 970. 
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stone, whicli is intercalated in. a dark lustrous phyllite. But they are found, as casts, 
most ahuiidantly in a liglit-grey lustrous micaceous schist, which, under the microscope, 
is observed to be composed in large measure of quartz, not having a fragmental aspect, 
with mica, rutile, and tourmaline. The fossils recognised comprise Phdco}')^^ Calymme, 
several undeterminahle gasteropods and bracliiopods, OycUhophylluin, Halysites 
cctte'imlaria, Favosites, IldstrUes, Monograytws, and some others. More recently 
abundant encrinites have been found in one of the schists among the high fjelds near 
Sulitelma on the Swedish frontier^ 

Ardennes. — As far back as 1848, Dumont published a description of the Belgian 
Ardennes, in which he showed that a zone of his “terrains ardeiniais et rhenan,” had 
undergone a remarkable metamorphism. Sandstones, in approaching this zone, were 
transformed, he said, into quartzites, and by degrees passed into rocks characterised hy 
the presence of garnet, hornblende, and other minerals ; the slates (pbyllades) gradu- 
ated into dark rocks, in which magnetite, titan ite, and ottr elite had been developed. 
Yet the fossiliferoiis character of the strata thus metamorphosed liad not been destroyed. 
In specimens showing a gradation from a grit to a compact garnetiferous and honiblendic 
quartzite. Professor Sandherger, to whom they were submitted, recognised the jmesenceof 
the two Devonian shells, Spirifer macroptertos and Chonetes sarcmnlatiis. “The garnets 
and the fossils are associated in the same specimen, ” he wrote, adding, ‘‘who, after this, 
can hesitate to admit that the crystalline schists and quartzites of the Huiidsriick and 
Taunus are likewise metamorphosed. Taimnsian rocks 

In 1882, M. Eenard, fortified with the resources of modern petrography, renewed the 
examination of Dumont’s metamorphic area of the Ardennes, and conclusively established 
the accuracy of all the main facts noticed by the earlier observer. !Not only do the 
geological structure of this region, and the occurrence of recogni.sable fossils, show that 
the rocks, now transformed into more or less crystalline masses, were originally parts of 
the ordinary series of Devonian sandstones, greywackes, and shales, but the microscope 
comes in to coufirin this conclusion. The original clastic grains of quartz and the diffused 
carbonaceous material of the unaltered strata can still be recognised in their metamor- 
phosed equivalents. But there have been developed in them abundant new minerals — 
garnet (1 to 2 mm.), hornblende, mica, titanite, apatite, hastoiiite, ottrelite.^ 

Dumont appears to have believed that the metamorphism which he had traced so 
well in the Ardennes was to be attributed to the influence of underlying masses of 
eruptive rocks, though he frankly admitted that the metamorphism is less jnarked wliere 
eruptive veins have made their appearance than where they have not."* M. Renard, 
however, pointed out that eruptive rocks are really absent, and that the association of 
minerals proves that the metamorphosed rocks could not have been softened by a high 
temperature, as supposed by Dumont, otherwise the simultaneous presence of graphite 

^ H. Sjogren, OeoL Foren. Stockholm, xxii. (1900), pjn 105, 437. The structure of 
Scandinavia and the succession of its older rocks are more fully discussed in Book VI., 
pp. 898, 924. The effects of dynamo-metamorphisni among the rocks of Scania have 
been described by H. Biickstroni in his iiieiiioir on Ve.stana, cited ante, p, 782. He tMnks 
that they have more or less affected all the rock.s of the district, but only here and there in 
strongly pronounced degree, while contact-inetaiiiorphism has been general among the .sedi- 
mentary rocks. He points ont that the youngest gneiss, with its overlying quartzite and 
tuff, which must once have covered an extensive area, ha.s heen in large measure removed 
by denudation, except where these rocks have been protected by a covering of the deeper 
seated and more highly metamorphosed gnei.sses which have been upthru.st upon them. 

2 Mues JM, (1861), p. 677. 

** Benard Mm. Roy. Belgique, i. (1882), p. 14) e.stimates the components of one 

of these altered rocks to be: graphite, 4*8() ,* apatite, 1-51; titanite, 1*02; garnet, 4*14; 
mica, 20*85 ; hornblende, 37*62 ; quartz, 30*62; water, 1*32=101*88. 

Benard, op. at. p. 84. 
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and silicates, with protoxide iron bases, such as mica, hornblende, &;c. , would certainly 
have given rise at least to a partial production of metallic iron. He connected the 
metamorphism with the mechanical movements which the rocks have undergone along 
the altered zone.^ The metamorpliisni of this region was afterwards discussed by 
Professor Gosselet, who also regards it as due to dynamical caiises.- 

Taiiiius. — A similar example of regional metaniorphisrn extends into the tracts of the 
Taunus and Hundsriick. In 1867 K. A. Lessen published an elaborate memoir on tlie 
structure of tiie Taunus, which is now of classic interest in the history of opinion 
regarding metamorpliism.-* He showed that below the middle Devonian limestone, the 
usual lower Devonian slates, greywackes, and quartzites rise to the surface, but that 
these, traced southwards, ])ass gradually into various crystalline schists. Among these 
schists, he distinguished sericite-gneiss, mica-schist, phyllite, knotted schist, augite- 
scliist, sericite-lime-phyllite, <piartzite, and kieselschiefer. As intermediate grades 
between these crystalline masses and the ordinary clastic strata, he observed (piartz- 
conglomerates, with a ciystalline scliistose matrix, or with albite crystals, and quartzites 
with sericite or mica. He concluded that while these crystalline rocdcs present the 
most complete analogies with those of tlie Alps, Silesia, Brazil, &c., they are yet so 
intimately hound up alike petrographically and stratigraphically with strata containing 
Devonian fossils, and into which tliey pass by semi-crystalline varieties, that they must 
be considered as of Devonian age. Subsequently K. Koch })roposed to regard tin* 
crystalline schists of the Taunus as Cambrian (Huronian),'^ and they liave been indicated 
on the Geological Survey map as Cambrian or Silurian. But the fact tliat a eonibrmal)le 
sequence can be traced from undoubted fossiliferous Devonian strata downwards into 
these crystalline schists makes it immaterial what stratigraphical name may be applied 
to them. They are almost certainly Devonian, as Lessen described them, and in any 
case, they are unquestionably the metamorpliosed e(]uivalents of what are elsewhere 
ordinary sedimentary .strata. 

The Alps. — In the geological structure of the central Alps, crystalline schists play 
an important ])art.‘’’’ There can be no doubt that some parts of these seliists repro.scnt 

^ Ojp. cit. p. 37. 

See his great Monograph on the Ardennes, Carte CJM, France, 1888, cinq). x.\*v. 

More recently Professor lieiiardis inclined to think that at least some of the observed metamor- 
phLsm may after all be due to igneous rocks concealed beneath ; but this view is strenuously 
combated by Profes.sor Gosselet, who gives several cogent reasons for his convictions. See 
Bull. Hoc. Beige Oeol. tome xii. (1898), pp. 214-220. 

“ Geognostische Beschreibung tier linksrhemischen Fortsetzung des Taunus,” &c., Z. I). 
G. G. xix. (1867), p. 509 (1885), p. 29. E. Geinitz {op. cit. xxviii. 1876, p. 643) describes 
the occurrence of well-marked Orthis in a greenish hornblende-schist, consisting of (piartz, 
hornblende, and octohedra of magnetite. 

^ See Lossen’s reply, Z. D. Q. G. xxix. (1877), p. 341. Pie argues convincingly against 
the .supposition that these can be original chemical deposits of Camljrian age. (8ee 
Kenard, Bull. Mus. Roy. Belg. i. p. 31, '^wte.) 

® See Lory, ‘Description gtblogique du Dauphiue’ (1860), Part i. §§ 40-42; Comptc 
rendu Congrh OMogique International, Paris, 1881, pp. 39-43 ; Bull Foe. (Hoi. France, 
3e serie, ix. (1881), pp. 652-679; Favre, ‘Reclierches geologiques dans les parties tie la 
Savoie, &c., voisines du Mt. Blanc’ (1867), chaps, xxi. xxiv. xxv. ; A. Miiller, Mhn. Foe. 
dJliist Nat. BMe, 1865-70 ; Sisinonda, Real. Acad. Fci. Torin. (2), xxiv. (1866), p. 333; 
A. Michel-L^vy, “Chaines des Aiguilles Rouges,” B. Carte. (Mol. France, iii. (1892), No. 27 ; 

L. Duparc and L. Mrazec, “Ma.ssif du Mt. Blanc,” M^m. Foe. Fhys. JlisL Nat. Geneva, xxxiii. 
(1898), pp. 112-171; P. Termier, B. Cart. (Mol. France, ii. (1891), No. 26, p. 75; 

M. Bertrand, Oowpt. rend. 1894, p. 212. The Palaeozoic and Secondary age of part of the 
schists of the Alps is enforced by Heim, ‘ Mechanismus der Gebirgsbildung,’ 1878 ; Compt. 
rend. Oongrls G'eol. International, London (1888), p. 16 ; Nature, xxxviii. (1888), p. 524 ; 
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-vvhat were once sediineiitaiy strata, while others are not iin[)rohably altered forms ot 
igneous roeks which were contemporaneously or subsequently intercalated among tlieni. 
As regards their geological age, liOAvever, much diversity of opinion exists. Some 
writers claim them as of pre-Cambrian date, while others think that they may consist, 
perhaps in large measure, of Palaeozoic or even younger rocks. 

That a nucleus of crystalline schists already existed in the Alpine region before the 
deposition of the Carboniferous formations is abundantly clear. No one, for instance, can 
cross from Yernayaz in the Rhone valley by fin Haut to the Col de Balrae along the 
hand of Carboniferous strata without encountering excellent sections of conglomerates, 
made up of the debris of the schists, and even lying on these rocks un conformably. 
The metamorphisni which has so greatly aHected the Paleozoic and Mesozoic formations 
of the central and eastern Alps is hardly appreciable in this part of the chain, for the 
Carboniferous conglomerates, though they have obviously been much crushed, cannot be 
called metamorphie, wliile the greatest cliange undergone hy the carbonaceous shales is 
their alteration into silky phy Hites. The Jurassic limestones that flank them likewise 
retain their blue tint and dull compact texture. Not far to the south, however, the 
continuations of the same strata have undergone more change, for at the well-known 
locality of Petit Occur the plants so abundantly and admirably preserved in black schist 
have had their original substance replaced by a white hydrous inica.^ Throughout the 
Alpine Carboniferous bands, where fossil plants occur, they usually show, by the extra- 
ordinary w'ay in which they have been deformed, the intensity of the shearing stresses 
to which the rocks have been subjected.'^ It is in the eastern part of the chain, 
however, that the metamorphism of the Carboniferous bands appears to be most 
developed. A detailed investigation of the geotectonic and petrographical relations 
of these rocks was carried out in 1882 by the late D. Star, Director of the Austro- 
Hungarian Geological Survey, and Baron von Poiillon.*^ On the northern border 
of the Styrian Alps, near Leoben, a group of crystalline schists 10,000 to 13,000 
feet thick reclines steeply (but it is said conformably) against gneiss. It consists of 
phyllite-gneiss, mica-schist, and chlorite schist, with four hands of dark graphitic schi.st 
and one or two seams of limestone. The plant-bearing graphitic schist is full of plant- 
remains [Calamitcs ramosus, Pecopteris loncliiticd^ Le'^idod&ifiilron plilegmctria, &c.). Tlie 
association of plants and the occurrence of bands of graphite, representative doubtless of 
former beds of coal, indicate that these carbonaceous rocks belong to the well-known 
Scliatzler group of the lower Coal-series of Silesia. The whole succes.sioii of schists of 
which these plant- bearing beds are iriemhers, forms one continuous group, which Star 
recognised as traceable fora long distance on the nortliern margin, of the central range 
of the north-eastern Alps. He insisted that this group of schists cannot be the result of 
original chemical deposition, hut, on the contrary, that it is shown, hy a great series of 
facts, to be the rnetamoipdiosed equivalent of what, elsewhere, are unaltered Carboni- 
ferous -strata. The distortion of tlie fossils, which p)roves that the rocks have behaved 


Q, J. (r. S. xlvi. (1890), p. 236 ; Grubeninaiiii, MUthdl. Thicrrjanischea fNccturf. Gesellsch, 
Heft viii. (1888); Baltzer, ‘Beitriige zur Geol. Karte der Schweiz,’ No. 24 (1888). The 
volumes of these “ Beitriige ” contain ample details regarding the geological structure of the 
Swiss Alps. Professor Boiiney holds that the crystalline scliists of the Alps are older than 
the Palseozoic rocks, which even where altered can always, he thinks, be distinguished from 
true schists. Address, Q. J. (}, S. vol. xlii. 1886, p. 66 ; xlv. 1889, p. 67 ; xlvi. 1890, p. 
187; xlviii. 1892, p, 390; xlix. 1893, p. 89; 1. 1894, pp. 279, 285; Geol. Mag, 1890, 
p. 533. 

^ Favre, ‘Recherches G^oL’ iii. p. 192. 

2 See Heer’s ‘Flora Fossilis Helvetise ’ (Steinkohlen Flora), Plate iv. Pig. 1 ; v. Figs. 1, 3 ; 
viii. Figs. 1, 2 ; xiii. Fig. 1, &c. 

^ Jahrh. Geol. MeichsansL xxxiii. (1883), pp. 189, 207. See also Toula, Verh. Geol, 
Meichsanst. 18*77, p. 240. 
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like plastic masses under the strain of mountain-making, the alteration of their su1 ‘ ‘ ’ j. ^ 
into anthracite or graphite, and its replacement by micaceous silicates, are evideiA* '^'^ ^ ^ 

serious metamorphism. Stur concluded that there was every encouragement to 
for fossils in the schist envelope of the central Alpine gneiss.^ ^ 

Baron von Foullon describes the j)etrographical characters of the various merii * **"^^^ ^ ^ 
the group of schists in which the plants occur near Leoben. As to the thoi'O' ^ ^ 
crystalline character of the phyllite-gneiss, mica-schist, &c., there can be no cl I 
It will be enough here to refer briefly to the constitution of the graphite-schist in 
the i>l ants occur. Hand-specimens present a dull fracture, on which none oftU*- * Y 
ponents, except the graphite, can be recognised, though sometimes they show a |gr<*** ' lu 

fibrous, ashestiforin mineral. In thin slices, the rock is seen to be composed of < i 
grains, chloritoid, an asbestos-like substance, and arnica, with abundant “ cl ^ 

microlites,” and diffused carbonaceous matter. It resembles the mica-chloritoici f ^ ^ 
oftheTaunus. Some of the chloritoid-schists or quartz-phyllites associated vv i tl * 
plant-bearing band are also graphitic. Petrographical investigation thus conci-X 
the stratigrapliical evidence to prove that a tract of crystalline schists in the * * 

eastern Alps consists of metamorphosed Carboniferous rocks. The evidence of iiil^ s* ‘ 
mechanical movement and the absence of any indication of the influence of eru))ti'^^ ^ ‘ ‘ 

combine to indicate that the metarnorpliism of these strata is an example of 
metaniorplusm. 

In the western Alps the Trias.sic strata present greater evidence of metam< *** 

than the Carboniferous deposits which underlie them. In the chain of the ^ ^ ' 

Rouges near Chamouiiix, M. Michel- L6vy has observed that the arkoses of # si*' 

have been so crushed and altered that they can hardly be distinguished from bli<* 
ancient crystalline schists. They have acquired a laminar structure with arecr>^Mt ^ #3^"* 

tion of sericite, chlorite, iron-ores, and quartz, and in this transformed condition f-‘** J « 
with bands where the alteration has not advanced so far.- The so-called ‘ Ht'lss 
lustrees” or “ Blindnerschiefer ” of the Alps are believed by those geologists \v1m» -tv** 

most closely studied them to be metaniorphic equivalents of some part of the i 1 *'^ 

of formations between Archa?an and Eocene. They have been so thoroughly txm I a 
as to posse.ss in many places the wholly crystalline structure of mica-schist or i* 

The following petrographical types are recognised among them: (1) micacooii^* 
phyllite, sometimes containing fragmentary echinoderms ; (2) calc-i)hyllite wihl j 
clintonite, or felspar and enclosing echinoderms, belemnites, and Cardinia; (*ij l 
cliutonite-phyllite with belemnites; (4) zoisite and garnet-phyllite with ts 3 ; 

(5) garnet and zoisite hornfels ; (6) quartzless schist containing two mic*sjiH, Viiili 
kyanite, zoisite, epidote, and staurolite ; (7) quartzose mica-schist witlx /.r -taii* !, 
actinolite, staurolite, kyanite, epidote, zoisite, biotite, plagioclase, tourmaliii<%, Ar. ; 
(8) actinolitic quartzite. Only in the first four t 3 q)es have fossils been fountl.*^ 

1 He had, many years before this, announced his belief that the schistosB f 'Mpr 

(Schieferliiille) of the Alps probably represents Palaeozoic rocks. Stache, in ■s.%fi4r 

that ‘‘the question now is how far Cambrian or Silurian rocks are represente<l ^ 

Oeol. Reichs. 1874, p. 169. In 1884 he thought that the epicrj’stalline condition ili* 

Silurian rocks in the Alps might be due to original crystalline precipitation. Z, , *f . 

1884, p. 356. R. Hoernes has more recently published an excellent paper on l.hi- 
morphism of the Styrian graphite, in which he dwells upon the evidence fortlic-; t « *4 
raetamorphism so well described by Foullon. He thinks that the transformation « fir 
Rottenmauner granite into gneiss and the coal into graphite belong to one of thci y * #** lu-r t 
periods in geological history, and form part of the late plication-movements oi' 11^** ^.\||.h 

which, as shown in the frequent earthquakes, have not yet come to a state of re.st . 

JSfatuTwiss. Verein, SteierniarJc, 1900, pp. 90-131. 

2 Michel-L^vj”, B. Carte. Geol. France, iii. Ho. 27, p. 29. 

3 C. Schmidt, “iivret Guide dans la Suisse,” Congr. G^ol. Internat. 1894, p. 1 1 1 
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metamorphism Ijegms on the outer flanlcs of the Alpine chain and increases towards 
the central mountains. The Liassie shales by degrees become inicacised and 
lose their fossils, while the limestones assume a jointed aspect and tirially pass 
into a completely crystalline condition. In the Yaud Alps, the beleninites of the 
middle Oxfordian shales gradually disappear in proportion as tlie rock becomes more 
schistose, till at the Diablerets it is an almost crystalline sericitic schist^ The Eocene 
strata, also, under intense compression, have assumed the character of slates, which are 
worked for economic purposes.^ Dr, Rotlipletz, as the result of his study of the 
Bfindnerschiefer of the central Alps, ^concludes that they comprise (a) marbles, dolomites, 
and calc-schists, of Archaean age, ’which alternate with true gneisses and mica-shists ; 
(b) marbles, dolomites, calc-, clay-, and quartzite- schists, and diabase -schists of 
Palaeozoic age ; (c) dolomites, limestones, and schists, -whicli are of Triassic age and lie 
un conformably on the Palfeozoic series ; limestones, calc- and clay-slates, sandstones, 
and conglomerates, which in great part, if not entirely, belong to the Lias. The fossils 
in the Palaeozoic series are indeterminable crinoid remains, those in the Xhiassic division 
cannot be specifically identified, but from the Liassie series a number of characteristic 
species of the Lower and Aliddle Lias have been obtained.'* 

Gfteece. — In the Grecian peninsula, vast masses of chlorite-schist, mica-schist, and 
gneiss occur, with thick interstratified zones of marble. In the calcareous zones fossils 
have been found which, though not well preserved, show that the rocks belong to the 
fossiliferons series of formations, and are not pre-Cambrian. These crystalline rocks in 
north-eastern Greece lie on the sirihe of normal Cretaceous hippiirite limestones, sand- 
stones, and shales, and are probably, at least in part, of Cretaceous age.’* 

Green Mountains of LT ew England. — The Cambrian and Lower Silurian strata, 
which to the north in Yermont are comparatively little changed, become increasingly 
altered as they are traced southwards into hTew York Island. They are thrown into 
sharp folds, and even inverted, the dhection of plication being generally ^sT.E. and 
S.S.W. This disturbance has been accompanied by a marked crystallization. The 
limestones have become marbles, the sandy^ beds quartzites, and the other strata have 
assumed the character of slate, mica-schist, chlorite- schist, and gneiss, among which 
hornbleiidic, augitic, hypersthenic, and chrysoli tie zones occur. The geological horizon 
of these rocks is sliowui by the discovery in them at various localities of fossils belonging 
to the 0le7ielliLS zone of the Cambrian and to the Trenton and Pludson Paver .subdivisions 
of the Lower Silurian sysbeiJi of eastern [North America. . Tlie rocks liave been ridgedii]> 
and altered along a belt of country lying to the east of the Hudson and e.xtending 
nortli into Canada.''’ Since the observations of Lana cited below, the ground has been 
worked out in considerable detail by members of the Geological Survey of the Liiited 
States. The Lower Cambrian age of the lower part of the great quartzite of Yermont is 

^ Reiievier, JJ, 6r'. A'. (3), ix. (1S81), p. OoO ; xvii. (1898), p. 884. 

Lory, op. cit \x. (1881) p. 651. 

'* “ Ueber das Alter der Biindnerscliiefer,” Z. 7J. (f.O. 1895, i. pp. 1-59. 

^ M. Neninayr, Jahrb. Ueol. Jieidiscmd. .x.xvi. (1876), p. 249. Z. JJeictsch. Oeol. Gcs. 
xxxiii. pp. 118, 454. A. Bittner, M. Neuiriayr, and E. Teller, JJenkHch. Akcu'L Wk 7 i, xl. 
(1880), p. 395. E. Lepsius, in his great monograph ‘ Attika.’ A useful eoiiipendinni 
of information regarding the geology and physical geography of Greece will lie found 
in the volume already cited, ‘ Physikalische Geographic von Grieclieiiland, niit besonderer 
Eiicksicht auf das Alterthnni,’ by C. N’euinanii and J. Partsch, Breslau, 1885. 

® See Lana, Ame/r. Journ. Sci. iv, v. vi. xiii. xiv. xvii. xviii. xix. xx. ; Q. J. 0. S. 1882, 
p. 397. The identification of the so-called Taeonic schists of New England with altered 
Lower Silurian rocks was called in question by Sterry Hunt, but the stratigrapbical evi<lence 
collected by A. 'Wing, Dana R. Purnpelly^ J. E. Wolff, T. N. Dale, B. K. Emerson and 
others, and the testimony of the fossils collected by Dana, Dwight, Walcott, Ac., have 
snstainecl it. 
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shown by the occurrence in it of Olcnelliis. Tlie basement of the Cambrian series in 01*1 
Hampshire county, Massachusetts, is recognised by Professor Emerson in a gneissos<- 
cougloinerate which graduates upward into the quartzite and lies uuconformably on ai : 
older (Arclnean) gneiss. Above the Cambrian quartzite the Lower Silurian formation j- 
are represented by a conformable series of sericitic, amphibolitic, chloritic, and otlie i 
schists, which in turn are uuconformably overlain by an upper groujj of quartzites, limc^' 
stones, garnetiferous mica-schists and clay-slates, wdiich are regarded as metamorplio.sf**' 
Upper Silurian strata.^ 

Menominee and Marquette Regions of Michigan. — In one of the mow 
luminous essays j^et ])ublished on the megascopic and microscopic proofs of dynamic me tii. 
morphism, to which reference has already been made (p. 790), C. H. Williams prove*: 
that a series of pre-Cambrian rocks of eruptive origin (greenstones, tuffs, agglomeratois 
&c.) have been converted into perfect schists.^ The various stages of alteration 
minutely detailed, and careful drawings are given of the microscopic structures. Tli< 
deductions arrived at by the author have far more than a mere local significance ; tlie,'; 
lay an accurate basis for the study of similar “greenstone-schists” in other regions, aiii 
show how' the original eruptive character of such altered rocks is to be recognised. 

It may be useful to group the foregoing and a few other examples of regional meta. 
morphism in sfcratigraphical order, that the student may see over how wide a range <:> 
the geological formations such transformation has taken place. 

iSTortheni and Central Italy. — Kinnmulitic limestone rendered saccliaroicl 
and strata (including Miocene) generally more indurated in proportion to tli' 
extent to which they have been folded and disturbed. These changes wliicl 
indicate an incipient metamorphism are well displayed in the Apuan Alps aii< 
in the Apennines.^ 

Cretaceous. — Greece. — Chlorite-schist, mica-schist, marble, serpentine, &e., believe* 
to be altered Cretaceous sandstone, shale, limestone, &c. (p. 803). 

Coast range of California. — Strata containing Cretaceous fossils pass into jaspei"fcs 
siliceous slate (phthanites), glaucopliane-schist, garnetiferous mica-schist, serpen 
tine, ^c.’^ 

Jurassic. — Alps. — Sericite-schists, altered limestones, &c. (p. 803). 

Sierra Nevada (California). — Clay-slates, talcose slates, serpentine, &c. , passiri; 
into rocks containing Jurassic fossils.® 

Trias . — Sierra Nevada (Spain). — Clay-slate, mica-schists, talc-schists, and limestoii e«. 

Italy (Carrara, Ac.). — Mica-schist, talc-schist, marbles, passing down into liiin. 
stones containing Encrinits lilii/ormis, Phylloceras, Pcoif.acrinns, below wliic*! 
lie gneissic and other schists enclosing Orthoceras, ARinoceraSy and evidently <- 
Paheozoic age."^ 


^ Messrs. Pumpelly, Wolff, and Dale, ‘Geology of the Green Mountains in MassachusettK 
Monograph xxiii. of U.tS. Geol. jSu7'v. 1894 ; B. K. Emerson, ‘Geology of Old Hampsliii: 
County, Massachusetts,’ Monograph No. xxix., 1898. 

Bull. U.B. Geol. Burvey, No. 62, 1890. « 

•'* Lotti and Zaccagna, Boll. Comit. Geol. dLtcdia, 1881, p. 5. Lotti, ibid. p. 41 li 
B. S. a. F. xvi. (1888), p. 406. 

^ Whitney, Geol. Su7'v. California, “Geology,” vol. i. p. 23. G. F. Becker, B. TJ.H. G. 
No. 19 (1885); ximer. Journ. JSci. xxxi. (1886), p. 348. “Geology of the Quicksilv* 
Deposits of the Pacific Slope,” Monograph No. xiii. of U.S. Geol. Survey, 1888. 

Whitney, oyj. cit. p.* 225. J. S. Diller {B. (J.S. G. S. No. 33, 1886), accepting tl: 
general view that at least a portion of the auriferous slates is Mesozoic, suggests that part < 
them may be Carboniferous, or even older. 

“ Be Verneuil, B^dl. Son. GM. France (2), xiii. p. 708. R. von Drasche, Jah'l. Gee* 
Reidisanst. xxix. (1879), p. 93. The identification of these rocks with Triassic beds is 
probable conjecture. 

^ Coquand, B. S. G. F. (3), iii. p. 26 ; iv. p. 126. Zaccagna, Boll. Coin. Geol. Ital. xi 
(1881), p. 476. Lotti, oy. cit. p. 419, Plate ix, S. Franchi, op. cit. 1898, Nos. 3 and 4. 
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Alps. — Limestones, dolomites, and gyj)sums rendered crystalline, associated vitli 
calc-niica-scliist and other varieties of schist (p. 802). 

Pimjah. — 111 fra-Triassio rocks overlain by a series ofgiieisse.s and scliist.s.^ 

Oar lo7ii/&r oils. — Alps. — Grapliite-scliist, phyllite-gneiss, &c. (p. 801). 

Eastern Brit tan — Garbouiferons shales altered, into crystalline schists. - 

Devoiiiimi. — Taiinns. — A large series of crystalline schists (p. 800). 

Ardennes. — Crystalline schists with garnet, hornhleiule, mica, &c. (p. 799). 

Silurian a.7id Caoiihrimi. — Scotland. — A great series of crystalline .schists overlying 
quartzite and limestones with fo.ssils (p. 792). 

IsTorway. — A series of schists resembling those of Scotland, lying upon and inter- 
stratified with fossiliferoiis beds (p-). 798). 

^ Green Mountains of New England. — A great group of schists, quortzites, and 
limestones, with fo.ssil.s in some beds (p. 803). 

Saxon gramilite tract. — Schists, scliistose conglomerates, &c.-^ 

South Wales. — A tine foliation of the tutfs, representing an early stage of regional 
metaniorphism.^ 

Pre-Oamhrimi {Archcean). — Scotland. — Sandstone and arkose passing into lustrous 
crumpled micaceous schists (p. 794). Some of the Arclnean gnei.sses and liorii- 
blende rocks of Sutherland have had a new schistosity superinduced in them by 
the shearing movements that altered the Cambrian strata (p. 885, seq.). 

Michigan , — Eruptive rocks converted into .schists (see above). Conglomerates with 
elongated prebbles in a matrix of sericite-scliist.® 

Summary. — Fi-om the evidence now acldaced the following con- 
clusions may lie confidently drawn. 

1. There are wide regions in which crystalline schists {a) overlie 
fossiliferoiis strata, or {h) contain intercalated bands in which fossils occur, 
or (c) pa,ss either laterally or Tertieally into undoubted sedimentary strata. 

2. These schists are in some eases the metamorjrhosed equivalents of 
what were once ordinary sedimentary deposits, with frequently included 
igneous rocks. 

•3. The alteration by which rocks have been aftected in regional meta- 
morphism is, on the whole, similar in its stages to what may lie traced 
in local metaniorpliism round -bosses of granite, but lias attained a much 
greater development. 

4. Regional rnetaniorphism has been directly connected with (a) 
enormous pressure leading to little or no molecular crushing, hut with 
some shearing movement in the rock; or (/)) with intense compression 
or tension, under which much shearing and rupture have taken place. 
The former or statical phase does not piroduce .such striking results as 
the latter or dynamical pihase. The rrictamorphisni is usually most pro- 
nounced where, as shown by plication, puckering, and shear-structure, 
the rocks have been subjected to the greatest mecbanical movement. 

5. The dynamical stresses have been generally, pierbaps always, 
accompanied witli more or less chemical reaction, not, as a rule, involving 
the introduction of new chemical constituents, but consisting chiefly in a 
recombination of those alr*cadj present in the rocks, with the consequent 
development of new crystalline minerals. 

^ A. B. Wynne, Omi. Mug. 1880, p. 314. 

^ Janiiettaz, IML Soc. Geol. I'rance (3), ix. (ISSI), p. 649. 

^ Lehmann’s work dUdaiite, p. 785. Q. J. G. S. xxxix. (1883), p. 310. 

^ T. M. Clements, H. L. Smyth, and W. S. Bay ley, “The Crystal Falls Iron-bearing 
District,” A Rep. U,S. G. S. 1899. See also the paper by C. R. Van H is e cited 
ante., p. 790. 
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6. This chemical and mineralogical rearrangement has probably been 
superinduced under the influence of moderate heat, and in presence of 
water, and is comparable with what, on a feeble scale, can be achieved in 
the laboratory. 

7. The alteration of rocks in an area of regional metamorphism is 
often strikingly unequal in degree even over limited areas, being apt to 
attain sporadically a maximum intensity, particularly in tracts of greatest 
shearing or plication, while in other areas, the original clastic or crystal- 
line characters may be easily discernible. 

8. The nature of the alteration has depended first, and chiefly, on the 
original character and structure of the rocks affected by it ; and secondly, 
on the nature and intensity of the metamorphic activities. Of some 
rocks (sandstone, carbonaceous shale, coal), £he original condition may^ 1)0 
recognisable when that of their associated strata has entirely disappeared. 

9. The foliation in a tract of regional metamorphism has been 
developed along divisional planes which guided the crystalli;iation or 
rearrangement of the minerals. In some cases, these planes coincide 
with those of original deposit. In others, they may represent cleavage, 
as was long ago pointed out by Sedgwick and Darwin. Or they may 
indicate the planes along which, under intense pressure, the longer axes 
of crystallizing minerals would naturally range themselves. In a rock, 
homogeneous in chemical composition and general texture, foliation 
might he induced along any dominant divisional planes. If those planes 
were those of cleavage or of shearing, the resultant foliation might not 
appreciably differ from that along original bedding planes.^ But it may 
be doubted whether a cleavage foliation of clastic sedimentary strata 
could run over wide areas without sensible and even very serious 
interruptions. In most large masses of sedimentary matter, the usual 
alternations of different kinds of sediment could not but produce distinct 
kinds of rock under the influence of metamorphic change. Where 
foliation coincides with cleavage over large tracts, it will almost certainly 
be crossed by bands, more or less distinct, coincident with the original 
bedding, whether of sedimentary or of eruptive rocks, and running 
oblique to the general foliation, as bedding and cleavage do, save where 
they may happen to coalesce. Where a massive rock of generally 
homogeneous composition, such as a felsite or granite, has been intensely 
sheared, a rearrangement or recrystallization of its minerals has taken 
place along the planes of shearing. Such a rock is thus transform <‘d 
into a schist. Even rocks of much more varied structure, like Arclnean 
gneisses, have been subjected to such changes from shearing as not only 
to lose entirely their original structure, but to acquire a new foliation 
parallel to the shearing planes (p. 888). 

It is now generally agreed that many gneisses and other forms of 
schist have been formed by dynamical action out of deep-seated masses 
of igneous rocks, both acid and basic. The banding of these rocks, 
which was formerly regarded as evidence of aqueous deposition, is no 

^ Jannettaz points out that the cleavage of the slates in the Grenoble Alps is parallel to 
the foliation of the mica-schists. Bull. Soc. Geol. France (S), ix. (1881), p. 649. 
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doubt generally due to an original segregation or differentiation of the 
component minerals of still unconsolidated igneous rocks, like the banded 
structure of some gabbros, tliougli it may to some extent have resulted 
from the rearrangement and recrystallization of the materials of such 
rocks under intense mechanical strain. The occurrence of lenticular 
bands or bosses of amphibolite in coarse or granitoid gneiss probably 
indicates dykes of some pyroxenic or hornblendic rock, by vviiicli the 
original granite Avas traversed before the development of the foliated 
structure. A gradation can be traced between masses of diorite, gabhro, 
&c., and hornblende-schists, actinolite-schists, gabhro-schists, &c. The 
granitoid character of these basic igneous rocks, under the great stresses 
they have suffered during periods of terrestrial disturbance, has here and 
there entirely disappeared. First the minerals (especially the felspars) 
are seen, to have ranged themselves with their long axis in one general 
direction. They have further separated into layers or folia in the 
same direction, and have thus acquired a more or less distinctly foliated 
structure. A massive diorite, gabhro, or diabase has in this way been 
converted into an amphibolite-schist. 

Part IK. Ore-Deposits.^ 

Metallic ores and other minerals that are extracted for their economic 
value occur in certain well-marked forms which have been variously 

^ A large list of "works on the subject of Ore-Deposits laight be cited here. The follow- 
ing selection includes some of the more important text-books and memoirs, while others are 
refeiTed to in siihsequent pages. In English, J. A. Phillips’ work, mentioned (mte, p. 7, has 
long been a .standard text-book. Another valuable treatise, “The Genesis of Ore-deposits,” 
is based on an original memoir, by Po.sepny, with additions by American authorities, 
2nd edit., 1902. Other general text-book.s are B. von Ootta, ‘Die Lehre von Erzhiger- 
stiitteu,’ 1859-61; A vou Groddeck, ‘Die Lehre von den Lager.statteii der Erze,’ 1870 ; 
F. von Sand berger, ‘ Untersiiclmiigeii iiber Erzgiiiige,’ 1882-1885; E. Beck, ‘Die Lelirc von 
Erzlagerstatten,’ Berlin, 1901 ; E. Fuchs and L. Delaunay, ‘ Gites Mhieraux,’ Paris, 1893. 
The 2'rcmsactions of the Royal (leoloyival ^odeiy of Curmmll contain many good papers. 

So much iniiiiiig activity Ijas been developed in the United State.s that the .subject ha.s 
there been studied in much detail, and gi-eat adtlitions to our knowledge have been made by 
the \vritiiig.s of IS'ewberry, Le Conte, Becker, Emmoms, Kemp, Van Hise, Liiidgren, and 
other geologists. Tlie Tranmctions of the Aonerimn JnMitute (if Mining Engineers are full 
of excellent contributions. The general subject of the ores of the United State.s i.s treated 
by Professor Kemp in bis ‘Ore Depo.sits of the United State.s,’ of whicli a third and entirely 
rewritten edition was published in 1900. The ino.st elaborate accounts of the mining regions 
of the States, ■with discussions of some of the prohlem.s presented by them, are given in the 
quarto monographs of the United States (Geological Surrey as follows: G. F. Becker, ‘Geology 
of the Comstock Lode,’ Mon. iii. iv. and xiii. (also in UhA yin, 1885-87, p- 695) ; R. 
D. Irving, ‘ Copper-bearing Rock.s of Lake Superior,’ Mon. v. ; Curtis, ‘ Silver-lead deposits 
of .Eureka, Nevada,’ IVl on. vii. ; S. E. Emmons, ‘ Geology and Mining Industry of Leadville, 
Colorado,’ Mon. xii. ; ‘Geology of the Quicksilver Deposits of the Pacific Slope,’ Moii. xiii. ; 
Irving and Van Hise, ‘ The Penokee Iron-bearing Series of N. ■Wisconsin,’ &c. Mon. xix. ; 
Van Hise and Bayley, ‘ The Marquette Iron-bearing District of Michigan,’ Mon. xxviii. ; Spurr, 
‘Geology of the Aspen Mining District of Colorado,’ Mon. xxxi. ; Clement.s, Smyth, Bayley 
and Van Hise, ‘The Crystal Falls Irou-beaxiiig District of Michigan,’ Mon. xxxvi. ; “The Gold- 
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classified; but for the purposes of the geological student it is most 
convenient to consider them from the point of view of geological origin 
and structure. Thus arranged, they naturally group themselves into tlir(‘e 
great series : 1st, those connected with the ascent of a molten magma, 
into the crust of the earth ; 2nd, those 'which have been introduced in 
solution into fissures, and have no obvious connection with tli(3 protrusion 
of any magma; and 3rd, those which have been contemporaneously 
deposited in superficial formations. 

1. Magmatic Ores. — They may arise either (n) from difieiamtiatioii 
within the magma itself, or (h) from pneumatolitic action, whereby the 
metallic constituents of the magma are carried beyond the magma into 
the surrounding rocks. 

(a) So far as experience goes, metallic concentration has compar*ativ(dy 
seldom taken place on a large scale within those portions of ei*ui)tiv(i 
masses of rock now visible at the surface, though, some reinarkal)le 
examples of it have long been known. It is more jiarticularly 
observable among the basic rocks, where magnetic and titaniferoiis 
iron have made their appearance among the latest products of segr(‘.ga.- 
tion within the intruded magma In banded gabbros, for instancii, 
some of the dark layers are in large measure made u[) of iron ores. The 
great Norwegian aggregates of titaniferoiis iron arc* found in ])asic iginaius 
rocks (labradorite-rock, norite, gabbro, Szc.), and even penetnite the adjacent 
formations as intrusive dykes.^ In Canada also large masses of titan- 
iferous magnetite in like manner belong to a great scries of 1)a.si(* eruptive 
rocks and form groups of hills.^ The segregation of chromite in pei’i- 
dotites is another example of the same process.'^ Subscqiumt extreme 
terrestrial disturbances have in the case of the most ancient orcebodies of 
this kind imparted a schistose structure to the igneous rock, so that the, 
ores now apfiear intercalated among gneisses and cry.stalline schists. 

(b) Much more frecpient is the accumulation of ores in fissures and 
other cavities among the rocks that surround a large eruptive mass. The 
connection between such ores and an adjacent phi tonic intrusion is so 
frequent and obvious that it cannot be regarded as accidental. It chiarly 
points to a genetic relation between the metals and tlui intrusivi^ rock, 

quartz Veins of Nevada City and Gras.s Valley, California,” 17th Juh. JIc/k U.S, G. S. Part 
ii. (1896), pp. 13-269 ; W. Lindgren, “The Gold and Silver Veins of Idaho,” 20/// A/ui. /iejt. 
U.S. U. jS. Part iii. (1900), pp. 65-256 ; the .same volume contains a long paper hy Messrs. 
Weed and Pirsson on similar phenomena in Montana, pp. 271-581. Messrs, ilateli ami 
Chalmers have described ‘The Gold Miiie.s of the Kami,’ London, 1895. Among ilm eon. 
tributioiis of a theoretical kind Professor Vogt’s paper.s deserve earefiil perusal, 'rimy will 
found in GeoL Foreu. Stockholm, xiii. (1891), pp. 476, 683 ; xiv. p. 212 (pnenmatolyth*, j/ro- 
cesses in gabbro) ; pp. 315, 433; xvi, 276; Zcitscli. Praht Gaol. 1893, 1891, 1895, 1898, 
1899, 1900, 1901 ; Trans. Amcr. Inst. Mhi. Jhujin. 1901; Gom.pt. rmd. Comjr. Gcof. 
Internat. Zurich, 1894, p. 382 ; Forges Genl. Under.^Ug. 1892. 

^ ^ Ootj Forges Geol. Unclersog, 1892. 

- F. D. Adams, .Ad/r//. Beilag, Bd. viii. p, 419; Min. Assoc. Quebec. .1894. Hee also 
J. F. Kemp, School of Mines Quarterly, New York, July and November 1899. 

^ Vogt (“Problems in the Geology of Ore Deposits”), Trans. Amer. Inst. Min. Eng in. 
1901), who cites other illustrations, though be thinks that the list can never become large. * 
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aad indicates that the agents hy which their separation was effected were 
those mineralising yapours and gases which have been so often alluded 
to in previous pages of this text-hook. Steam or water-gas at a 
high temperature and great pressure ’ has no doubt been largely 
instrumental in the transference of the ores. Thus, around large 
bosses of granite, the steam, charged with compounds of fluorine, 
boron, and phosphorus, has carried over from the still unsolidified 
granite the tin-ore which, with its accompanying minerals, is such a 
characteristic metal in the surrounding veins. Again, next to large 
masses of gabhro veins of apatite are sometimes conspicuous, as in Norway 
and Northern Sweden. Professor Vogt has shown reason to believe that 
in each case the material that fills the veins was probably extracted from 
the magma by a reaction, in the presence of water, of hydrochloric (or, 
as the case may he, hydrofluoric) acid dissolved in the magma. The 
mineral veins which can be ascribed to this process may extend to a 
horizontal distance of a mile or more from the eruptive mass, but still 
lie within the areole of contact-metamorphism. They often appear at or 
close to the boundary of the eruptive mass, and even when at their greatest 
horizontal distance from its outcrop they may not improbably be much 
nearer to it in vertical descent below. These features are characteristically 
displayed in such mining districts as Cornwall, Southern Hungary, Elba, 
and Christiania. The ores consist of magnetite, specular iron, cassiterite, 
sulphides of copper, lead, zinc, &c. 

2. Solution Ores. — Though no satisfactory division can be made 
between these and those last described, it is useful to keep by themselves 
those ore-deposits which stand in no obvious relation to any eruptive 
mass visible at the surface, though of course many of them may be con- 
nected with deep-seated igneous masses, which have not been exposed. 
Much diversity of opinion still exists as to the source of the metal in 
these accumulations. Of the various theories that have been proposed 
the following are the most noteworthy: (1) Lateral segregation, whereby 
the substances in the veins have been derived from the adjacent rocks by 
a process of leaching or solution and redeposit, carried on by the circula- 
tion of water through the terrestrial crust. The fact that the nature 
and amount of the minerals, and especially of the ores, in veins, so often 
vary with the composition of the surrounding rocks is dwelt on by those 
who hold this view as a proof that these rocks have had an influence on 
the precipitation of mineral matter in the fissures passing through them, 
and were probably themselves the source from which the metals were 
obtained. It is pointed out tliat chemical analysis has revealed the 
presence of minute cpian titles of metallic ores dispersed through the 
substance of the rocks surrounding mineral-veins, that by isolating some 
of the more frequent silicates found as rock-constituents (such as augite, 
hornblende, and mica), iron, nickel, copper, cobalt, arsenic, antimony, 
tin, (fee., have been found in appreciable quantity, and that stratified 
rocks also, when subjected to sufficiently delicate analysis, reveal ' 
the presence in them of the metals and non-metallic substances that 
constitute mineral-veins ; clay-slates, for example, having been found to 
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contain copper, zinc, lead, arsenic, antimony, tin, cobalt and nickel.^ 
It is further argued that only on the assumption that the water is of 
meteoric origin and belongs to the outer part of the crust, can the fact 
be explained that mineral-veins are so often found to become thinner 
and poorer as they are followed downward. It is likewise maintained 
that below an extreme depth of some 10,000 metres, or seven or eight 
miles, the pressure must be so great that no fissure can remain open, but 
if formed by any great disturbance of the crust must be immediately 
closed again. There can indeed be little doubt that a vast amount of 
solution and redeposit of mineral matter within the crust of the earth 
must be effected by the circulation of meteoric water, some of which may 
have its energy increased by the earth’s internal heat, and that fissures 
may thus conceivably be filled up with new mineral deposits. But 
strong objections have been urged against this explanation as a general 
theory of the origin of mineral veins. The frequent association of mineral 
veins with ancient protrusions of eruptive material and with modern 
volcanic action, the generally observed dryness of deep mines which 
appear to descend below the usual limit of the circulation of ground- 
water, and the continuance of mineral veins down through those dry parts 
of the crust as far as mining operations have been carried, are urged as 
inexplicable on the supposition that meteoric water is the only or even 
the chief source from which mineral veins have been supplied. 

(2) Ascent from below — the minerals and ores having been introduced 
by {a) sublimation, or {h) by igneous fusion, or (c) by hot aqueous vapour 
escaping from the magma underneath. Sublimation takes place in the 
upper part of a volcanic chimney, among the crevices into which the hot 
vapours and gases enter, but has probably played little or no part in the 
formation of mineral veins. Igneous injection may take place at the 
edge of an igneous mass, as in the case of magmatic segregations like 
those of the titaniferous iron-ores a])ove referred to in connection with 
the differentiation of gabbro and allied rocks. But the most cursory 
acquaintance with ordinary mineral-veins suffices to assure us that in 
their production the injection of igneous material can have had no share. 

We are thus left with only the heated solutions that escape from the 
internal magma through such fissures as may be opened in the overlying 
crust. To the objection that such fissures cannot exist save in the outer few 
thousand metres of the crust, it may be answered that while our know- 
ledge of the conditions of the earth’s interior is not such as to warrant 
us in fixing a limit to the downward extension of fissures, we do not 
need to suppose them to descend any deeper than to come within the 
influence of the magma. We are absolutely ignorant at what depth this 
magma may be reached at any one part of the earth’s surface ; but we 
do know that at volcanic vents it actually comes up to the surface and 

^ Tins view of the subject has been e.«5pouse(l and exhaustively discussed by Professor F. 
Sandberger in his ‘ Untersuch ungen fiber Erzgange,’ Parti. It is also cogently supported 
by Mr. Van Hise, Trans. Arner. Inst. Min. Engin. xxx. (1900) ; Journ. Oeol. viii. (1900), 
pp. 730-770 ; and has recently been discussed by Mr. W. H. Weed, Amer. Geol. xxi. 
(1902), p. 170. 
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sometimes rises, as in Cotopaxi, 19,000 feet above it. There does not 
therefore appear to be any insuperable difficulty in the assumption that 
the heated vapours of the magma may find their way up rents in the 
crust even when tlie magma itself has been unable to follow them. That 
the hot waters which rise from the interior, especially in volcanic districts, 
bring up to the surface mineral solutions such as those that must have 
been in operation for the infilling of mineral veins, admits of no doubt. 
Various minerals, including silica, both crystalline and chalcedonic, metallic 
sulphides, and even metallic gold, are held in solution and deposited by 
the hot waters of California and Nevada, where metalliferous lodes may 
thus be in course of formation at the present day.^ In the solfatara 
of Lake County, California, the sulphur contains cinnabar, and the rocks 
through which the waters issue are coated with gelatinous silica resting 
on chalcedony, beneath which lies crystalline quartz. Again, the hot 
waters of Steamboat Springs, Nevada, are now depositing gold, probably 
in the metallic state; sulphides of arsenic, antimony, and mercury; 
sulphides or sulpho-salts of silver, lead, copper, and zinc ; iron-oxide and 
possibly also iron-sulpliides ; manganese, nickel, and cohalt compounds, 
with a variety of earthy minerals.- At a short distance from these 
sjDrings, a group of fissures that still give off steam and carbonic acid 
have been filled with hyaline and crystalline silica. The quartz contains 
oxides of iron and manganese, sulphides of iron and cop)per, and traces of 
gold, A few miles distant is the famous Comstock Lode, which has 
evidently been formed in a similar manner by ascending hob water, and 
from which a vast amount of silver and gold has been obtained. 

The obvious genetic relation between mineral veins and eruptive 
bosses, above referred to, and the association of the same peculiar 
minerals both in these veins and in the pegmatites that surround the 
bosses, justify the confident belief that, in these instances at least, the 
common source of all the minerals and ores has been the eruptive magma 
which furnished the intrusive masses, and likewise the vapours and 
mineralising agents that have affected all the surrounding rocks for a 
distance of a mile or more. If this intimate relationship can he established 
in the case of mineral veins which are connected with eruptive bosses that 
have by denudation been exposed at the surface, it is not illogical to 
infer that the same connection probably exists in the case of other veins 
which have no visible connection with any intrusive masses as yet 
revealed at the surface. Such masses may exist below at no very great 
depth. The general deduction, therefore, appears to me to he well 
founded, that while lateral segregation mnsb be recognised as a possible 
contributing cause, the main agency in the formation of mineral veins is 
to be sought in the ascent of heated waters which could only have 
derived their pneumatolitie efficacy from the internal magma. 

1 J. A.. Phillips, Q. J. G. S. xxxv. p. 390. \Y. H. Weed, 21st Awi. Rep. IT.S. 0, S. 
Part ii. (1900) p. 217; 

2 Gr. P. Becker, Amer. Journ. Set. xxxiii. (1887), p. 200. 

2 See a paper by Professor J. P. Kemp On the role of the Igneous Bocks in the 
fomatioii of V'eins,” Oontrih. tkol. iJepL OoZumbm Univ. ix. (1901), No. 77. J. B. Hill, 
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As the solutions, in their ascent from below, reach cooler parts of the 
earth’s crust, they doubtless begin to deposit their mineral contents on the 
walls l:)e tween which they rise. In their progress they necessarily induce 
chemical and mineralogical changes in the surrounding rocks, which 
thus undergo various transformations, being sometimes weakened by 
the removal of certain constituents, as in propylitisation (p. 772) and 
kaolinisation (p. 104), and sometimes rendered more compact and crystal- 
line by the introduction of new ingredients, as in the production of schorl- 
rock, topaz-rock and the felsparless rock known as greisen.^ 

3. Superficial ores in sedimentary deposits. — These are mainly 
of two kinds, (a) Formed of fragments of old ores which in the denuda- 
tion of a region have been worn away, and of which the detritus is 
collected in different sedimentary deposits. Examples of this type are 
seen in the placer workings of gold in the alluvium of modern or ancient 
rivers and the stream, -loorks in wdiich tinstone sand is collected. {h) 
Formed by precipitation from acpieoiis solution, as in the deposits of 
bog“iron-ore and lake-ore, already described (p. 18G). Ancient examples 
of this type prove that similar concentration and deposition has taken 
place in the waters of all geological periods, and that the agency of both 
plants and animals has contributed towards the elimination of the ores 
from aqueous solution. The ironstones of the Coal-measures and the 
Jurassic rocks of Britain and the copper-ores of the Kupferschiefer of 
Germany may l)e cited in illustratioh. Ores contemporaneously deposited 
in sedimentary strata obviously do not require separate consideration here, 
seeing that they are subject to the ordinary structures and variations of 
stratified rocks, which have already been discussed in Book lY. Part 1. 
We may therefore restrict the following descriptions to those forms of 
accumulation which present peculiar structures, and which for their 
geological interest and economic importance merit more detailed notice. 


8 i. Mineral-Veins or Lodes. 

A true mineral-vein consists of one or more minerals deposited within 
a fissure of the earth’s crust, and is usually inclined at from 10° to 20° 
from the vertical. The bounding surfaces of such a vein are termed 
walls, and, where inclined, that which is uppermost is known as the 
liangmg, and that which is lowest as the lying or foot wall. The sur- 
rounding rock, through which veins rim, is termed the country or 
country-rock. Mineral veins are composed of {a) masses or layer’s of 
simple minerals without metallic ores, or {b) of such minerals (termed 
vehi-stones) intermingled or alternating with metallic ores. They are 
distinct from the surrounding rock, and are evidently the result of 
separate deposition. They are commonly most frequent and most 


“Tlie Plutonic and other intrusive Rock.s of West Cornwall in their relation to the Mineral 
Ores,” Trans, Roy. (reol. Sac, Cornwall^ xii. (1901), Part vii. 

^ See W. Lindgren, “ Metasoniatic Processes in Fissure- Veins,” Trans. Amer. Inst. Min. 
Engin. xxx. p. 578. 
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metalliferous in districts where eruptive rocks are abundant. A vein 
generally coincides with a line of fault or of joint, but is independent of 
the bedding or foliation of the “country.” Cases occur among crystalline 
massive rocks, however, and still more frequently among limestones, 
where the introduction of mineral matter has taken place along gently 
inclined or even horizontal planes, such as those of stratification, and the 
veins then look like interstratified beds, or where the infiltration has 
proceeded along vertical lines, like igneous dykes or veins. Some remark- 
able examples of this form of interpenetration of mineral matter have 
already been noticed from the mining region of Cornwall [ante^ p. 778). 

Variations in breadth. — Mineral- veins vary in breadth from a 
mere paper-like film up to a great wall of rock 150 feet wide or more. 




Fig. 340.~ Widening of a fissure by n^lative shifting of its .side (De la Eeche). 


The simplest kinds are the threads or strings of calcite and quartz, so 
frequently to he observed among the more ancient, and especially more 
or less altered, rocks. These may he seen running in parallel lines, or 
ramifying into an intricate network, sometimes uniting into thick branches 
and again rapidly thinning away. Considerable variations in lireadbh 
may he traced in the same vein. These may be accounted for by unequal 
solution and removal of the walls of a fissure, as in the action of pjer- 
meating water upon a calcareous rock ; Ijy the irregular opening of a 
rent, or by a shift of the walls of a sinuous or 
irregularly defined fissure. In the last-named 
case, the vein may he strikingly unequal in 
breadth, here and there nearly disappearing 
by the convergence of the walls, and then 
rapidly swelling out and again diminishing. 

How simply this irregularity may be accounted 
for will be readily perceived by merely copying 
the line of such an uneven fissure on tracing 
paper and shifting the tracing along the line 
of the original. If, for example, the fissure 
be assumed to have the form shown at ct 5, in 
the first line (Fig. 346), a slight shifting of one side to the right, as at 
a' y in the second line, will allow the two opposite walls to touch at 
only the points o o, while open spaces will be left at c c d. A move- 
ment to the same extent in the reverse direction would give rise to a 
more continuously open fissure, as in the third line. That sliiftings of 
this nature have occurred to an enormous extent iu the fissures filled 



Fiy;. Jl'lV. — Section of a lissuro nearly 
lilled ^vitll oiKi niineral (r; o) "but 
Avith a portion of the fissura (a b} 
still open (/!-). 
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with mineral-veins, is shown by their abundant slickensides (p. 661). 
The polished and striated walls have been coated with mineral matter, 
which has subsequently been similarly polished and grooved by a renewal 


of the slipping. 

Structure and contents. — A mineral-vein may be either simple, 
that is, consisting entirely of one mineral, or compound, consisting of 

several ; and may or may not be 
|l||[||| .•|||||i||. . metalliferous. The minerals are 

,|!|i||| ilb usually crystalline, but layers or 

IP |j I j III j' irregular patches of soft decomposed 

| l|i|i ^^ccom- 

I 1 11 y.lliiiB !iii^ them, especially as a layer on 

I the wall-face (flucan). The non- 
' I P Iff ''' I ji I I y minerals are known as 

I |!,i|| |i|||r •’ r . || lif I gangue or vein-stones, the more 
t’ f ' c (L crystalline being often also popularly 

^ classed as spars. The metal-bear- 

Fig. 348. — Section of Mineral-Vein with svui- - . i t 

metrical dispositim, of duplicate hiyere. minerals are known as ores. 

The commonest vein - stories are 


Fig. 348. — Section of Mineral-Vein with sym- 
metrical dispo.sition of duplicate layers. 


quartz (usually either crystalline or cry]3to-crystalline, with numerous 
fluid-inclusions), calcite, barytes, and fluorite. The presence of silica 
is revealed not only by the quartz, but by the hard siliceous bands 
so often observable along the w^lls of a vein. These can often be 
determined to be portions of the “country” which have been in- 
durated by the deposition of silica in their pores. The ores are some- 
times native metals, especially in the case of copper and gold ; hut for 
the most part are oxides, silicates, carbonates, sulphides, chlorides, or 
other combinations. Some of the contents of mineral-veins are associated 


with certain minerals more usually than with others, as galena with 
blende, pyrite with chalcopyrite, gold with quartz, magnetite with chlorite. 
Of the manner in which the contents of a mineral-vein are disposed the 
following are the chief varieties. 


(1) Massive. — Showing no definite arrangement of the contents. This structure is 
especially characteristic of veins consisting of a single mineral, as of calcite, cpmrtz, or 
barytes. Some metalliferous ores (pyrites, limonite) likewise assume it. 

(2) Banded, comby, in parallel (and sometime.s exactly duplicated) layers or 
combs. In this common arrangement, each wall {a Fig. 34S) may be coated with a 
layer of the same material, perhaps some ore or flucan {h &), followed on the inside 
by another layer (c c), perhaps quartz, then by layers of calcite, fluor-spar, or other 
veinstone, with strings or layers of ore, to the centre, where the two opposite walls may 
be finally united by the last zone of deposit {i). Even where each half of the vein is 
not strictly a duplicate of the other, the same parallelism of distinct layers may be 
traced. 

(3) Brecciated, containing angular fragments of the surrounding “country,” 
cemented in a matrix of veinstones or ores. It may often he observed that these frag- 
ments are completely enclosed within the matrix of the vein, which must have been 
partially open, with the matrix still in course of deposit, when they were detached from 
the parent rock. Large blocks {riders) may be thus enclosed. 

(4) Drusy, containing or made up of cavities lined with crystalline minerals. The 
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central p-arts of veins frequently pn-esent tliis structure, particularly Avhere the minerals 
have beea deposited from each side towards the middle. 

(5) filamentous, having the minerals disposed in thread-like veins; this is one of 
the oommouest structures. 

Metallic ores occur under a variety of forms in mineral-veins. Sometimes they 
are disseminated in minute grains or hue threads (gold, pyrites), or gathered into 
irregular strings, branches, bunches, or leaf-like expansions (native copp:)er), or disposed 
in layers alternating with the veinstones poarallel with the walls of the vein (most 
metallic ores), or forming the whole of the vein (pyrites, and occasionally galena), or 
lining drusy cavities, both on a small scale and in large chambers (haematite, galena). 
Some ores are frequently found in association (galena and blende), or are noted for 
containing variable proportions of another metal (argentiferous galena, auriferous 
pyrites, titaniferoiis magnetite). 



Big. 849.— Section of Wheal Julia Lode, Cornwall 
allowing five successive openings of the. same 
fissure (B.). 

tt//. Copper-pyrites and blende ; h, d, e, h, i, (piartz 
ill crystals pointing inwards ; c*,clay ; tj, empty 
space. 


1 2 



Big. yeetion of part of ii Lode, Godulidiiii 
Bridge, Cornwall (7t). 

(r, Quartz coating chiiekof V(dn ; quartz-cry.stals 
pointing inward ; ec, agatiforni silica ; il, thick 
layer of co})per-pyritea. 


Successive infilling of veins. — Tlie symmetrical disposition re- 
presented in Fig. 348 shows that the fissure remained open and had its walls 
coated first vdth the layers b h. Thereafter the still open, or subsequently 
widened, cleft received a second layer (c c) on each face, and so on pro- 
gressively until the whole was filled up, or until only cavernous spaces 
(druses) lined with crystals were left. In such cases, no evidence exists 
of any terrestrial movement during the process of successive deposition. 
The fissure may have been originally as wide as tLe present vein, or may 
have been widened during the accumulation of mineral matter, so 
gradually and gently as not to disturb the gathering layers. But in 
many instances, as above stated, proofs remain of a series of disturbances 
whereby the formation of the vein was accelerated or iiiterru 2 )ted. Thus 
at the Wheal Julia Lode, Cornwall, the central zone (e in Fig. 349) is 
formed of quartz-crystals 2 )ointing as usual from the sides towards the 
centre of the vein, but it is only one of five similar zones, each of which 
marks an opening of the fissure and the subsequent closing of it by a 
deposit of mineral matter along the walls. The occurrence of different 
layers on the two walls of a vein may sometimes indicate successive open- 
ings of the fissure. , In Fig. 350 the fissure at one time, no doubt, 


^ I)e la Beche, ‘Geological Observer," p. 698. 
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extended no farther than between 1 and 2. Whether the band of copper 
pyrites had already filled up the fissure, previous to the opening which 
allowed the deposit of the silica, or was introduced into a fissure opened 
between 2 and 3 after the deposit of the silica, is uncertain^ 

The occurrence of rounded pebbles of slate, quartz, and granite in. the 
lodes of Cornwall at depths of 600 feet from the surface, of gneiss in the 
vein at Joachimsthal at 1150 feet, and of Liassic land and freshwater 
shells at 270 feet in veins traversing the Carboniferous Limestone of the 
Mendip Hills and South Wales, seems to indicate that fissures may 
remain sufficiently open to allow of the introduction of water-worn stones 
and terrestrial organisms from the surface even down to considerable 
depths.^ 

Connection of veins with faults and cross-veins. — While the 
interspaces between any divisional planes in rocks may serve as receptacles 



Fig. 351, — Plan of Wheal Fortune Lode, Cornwall (I?.). 

1 1 III, lodes of which the main one sxdits uj) towards east and west, traversing elvan dykes, e e, but 
cut by faults or cross-courses, d d Scale one incli to a mile. 


of mineral depositions, the largest and most continuous veins have for 
the most part been formed in lines of fault. These may be traced, some- 
times in a nearly straight course, for many miles across a country, and as 
far downward as mining operations have been able to descend. Some- 
times veins are themselves faulted and crossed by other veins. Like 
ordinary faults also, they are apt to split up at their terminations. 

These features are well exhibited in some of 
the mining districts of Cornwall (Fig. 351). 

The intersections of mineral - veins do 
not always at once betray which is the 
older series. If a vein has really been 
shifted by another, it must of course be 
older than the latter. But the evidence of 
displacement may be deceptive. In such a 
section as that in Fig. 352, for example, a 
cursory examination might suggest the inference that the vein d e must 
be later than the dyke or vein a 6, by which its course appears to have 
been shifted. Should more careful scrutiny, however, lead to the 
detection of the vein crossing the supposed later mass at c, it would 

^ De la Beclie, op. cit. p. 699. 

De la Beclie, op. cit. p. 696. Moore, Q. J. G, S. xxiii. 483; Brit. Assoc. 1869, p. 360. 



Pig. 352 — Deceptive .sliifting of 
a Vein (B,). 
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be clear that this inference must be incorrect.^ In mineral districts, 
different series or systems of mineral-veins can. generally be traced, one 
crossing another, belonging to different periods, and not infrequently 
filled with different ores and veinstones. In the south-west of 
England, for example, a series of fissures running N. and S., or hl.N.AV. 
and S.S.E., traverses another series, which runs in a more east and west 
direction (W.S.V. to KN.E., or W.N.W. to E.S.E.). The latter (c c, dd. 
Fig. 353) in Cornwall contain the chief copper and tin ores, while the 
cross-courses {h h) contain lead and iron. The east and west lodes in the 
rest part of the region were formed before those which cross them, for 
they are shifted, and their contents are broken through by the latter. 



Fig. 352.— Goiieral JMap of Fissures in the iiiiiieral tracts ofS.r. England (/;.). 


To the east, near Exeter, the -east and west faults a a are later than the 
Kew lied Sandstone, and in Somerset than the Lias.^ 

Eolation of contents of veins to surrounding rock. — In 
general the deposition of metallic ores in mineral-veins has been in- 
dependent of the varying petrographical nature of the countiy-rock.^ 
Nevertheless it has long been familiar to miners that, in some regions 
where a vein traverses various kinds of “^rocks,’^ it may be generally 
richer in ore when crossing or touching some than others. In the north 
of England, for example, the galena is always most abundant in the 
limestones and scarcest in the shales, the veins in the Great Limestone 
(which is 150 feet thick or less) having ])roduced as much lead as all 
the rest of a mass of 2000 feet of strata put together.^ In Cornwall 
and Devon, it has been observed that some lodes yield tin where they 

^ I>e la Beclie, ojj, cit. p. 657. 

^ De la Beclie, op. cit. p. 659. 

® Vogt, Trans. Amor. Inst. Min. Enpiii. Feb. 1901, p. 20 of reprint. 

^ The greater number and breadth, of mineral veins in limestone may he due to the 
comparatively rapid solution, of that rock by -water percolating along joints or other divisional 
planes, with the consequent production of open chasms and chambers whicli would not be 
formed iu such material as shale. 
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cross granite, and copper where they traverse slate ; the same lode, as 
at Botallack, may cross three times from the one rock into the other, 
and each time the same change of metallic contents takes place. Some 
of the lodes, wdiich are poor in ore in the slate, become rich as they 

cross an el van (Fig. 354), or, on the other 


ft c 



<L 


Fig. 354.— Plan of El van Dyke (« h) 
traversed byametollic vein (j:efd), 
which dies out as it i>as.s6s into the 
surrounding slate, W^ieal Alfred, 
Gu inear (B.) 


hand, the ore is so split np into strings in 
the elvan, as to be much less valuable than 
in the slate. 

Decomposition and recomposition in 
mineral-veins. — It has been noticed that the 
“ country ” through which- mineral-veins run is 
often considerably decomposed.. In Cornwall, 
this is specially observable in the granite. 
Round the Comstock Lode also, the diabase is 
particularly decayed. Besides the large series 
of complex chemical reactions brought about 
by the pncumatolytic vapours and solutions 
which, whether emanating from a magma that 
can now be seen in bosses of eruptive material 
or is still concealed within the crust, have 


traversed the ‘^country ” rocks, ^ extensive alterations have likewise been 
subsequently effected by the percolation of meteoric waters in the upper 
parts of the terrestrial crust. Partly to this cause is perhaps to be 
assigned the Avidespread kaolinisation of granite and of the argillaceous 
slates in many mining i^egions. The water removes most of the alkalies 
and alkaline earths in solution as carbonates, and some of the silica is 
likewise abstracted. It is common to find in mineral-veins layers of 
clay, earth, or other soft friable loamy substances, to which various 
mining names are given. The great majority of the remarkable minerals 
of the south-w^est of England occur in those parts of the lodes where 
such soft earths abound. These veins have evidently served as channels 
for the circulation of water both upward and doAvnward, and to this 
circulation the decay of some bands into mere clay or earth, and the 
recrystallization of part of their ingredients into rare or interesting 
minerals, are doubtless to be ascribed. It is observable, also, that the 
upper parts of pyritous mineral-veins, as they approach the surface of 
the ground, are usually more or less decomposed from the infiltration 
of meteoric water, siliceous peroxide of iron and limonite being especially 
predominant. (Gossan of Cornwall, p. 93, Chapeau de Fer, Eiserner Hut.) 


§ ii. Stocks and Stock-works. (Stocke, Stockwerke.) 

Cavernous spaces dissolved out of such rocks as limestone, or caused 
by rupture or otherwise, may be of indeterminate shape, and may 
he filled wdth one or more veinstones or ores, either in symmetrical zones 
following the outline of walls, floor, and roof, or in parallel and roughly 
horizontal bands (Fig. 355). Irregular metalliferous masses of this kind 
^ See Vogt, op. cit., and Lindgren’s paper cited ante, p. 812. 
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Imve long "been known in Oermany b 7 the name of Stdcke (Stocks) when 
of large si^e, smaller aggregations being known as JBiitzen (cones) and 
Nester (tufts). The size of these indefinite accumulations of ore -varies 
from mere nests up to masses 800 feet or more in one direction by 200 
feet or more in another, Haematite, brown iron-ore, and galena not in- 
frequently occur in this form in limestone, as in the pockets of boema- 
tite and “ flat-works ” of galena in the Oarhoniferous Limestone, and more 
notably in the ore chambers ” of the Eureka and Bichmond mines of 
Nevada, and the Emma, Flagstaff, and other mines in Utah, from which, 
in recent years, such vast quantities of ore have heen obtained The 
“gash” or “lake” veins of galena in the north of England occur in 
vertical joints of limestone which have been widened by solution, and are 
sometimes completely cut off underneath by the floor of shale or sand- 
stone on which the limestone lies. Lenticular aggregations of ore and 



rt a', Carboniferous Liiiiestoue with iutercalated bed of "basalt (“ loadstone ’’ ?>); li li li h, joints 
traversing the limestone; ig, 7c d, veins traversing all the rochs and containing veinstones 
and ores ; f, spaces between the beds enlarged by solution and lilled with minerals or ores (“ flat- 
works”); p j), large irregular caveraous spaces dissolved out of the rock and tilled with minerals 
and ores. 

veinstone found in granite, as in the south-west of England, are known 
as Garbo lias; they are usually connected with true flssure-veins. 

The origin of the large spaces in various kinds of rock, now filled with 
veinstones and ores, has been referred to solution by underground waters. 
In the case of limestone, the removal of the rock by descending meteoric 
water containing carbonic acid in solution, and the consequent production 
of caverns and tunnels, are familiar and easily understood. The formation 
of large chambers in such rocks as granite is not so intelligible. Possibly 
no such chambers were ever produced as empty spaces, but by a process 
of substitution the hot ascending solutions decomposed the silicates, 
preferentially in certain weak parts of the rock, and gradually replaced 
them with the pneumatolitic minerals and ores. Mr. Kendall has 
suggested such an origin even for the large hsematitic deposits that 
■occupy irregular cavernous spaces in the Carboniferous Limestone of 
the Lake District. He has pointed out as proof of substitution that the 
fossils of that limestone have here and there been replaced by haematite.^ 
Stock-works are portions of the surrounding rock or “country” so 
charged with veins, nests, and impregnations of ore that they can be 
worked as metalliferous deposits. The tin stock-works of Cornwall and 

^ JVorik of Enr/land Inst. Min. and MecJia'/i. Engbi. xxviii. Part iii. and xxxi. Part v. ; 
Trans, Manchester (reM. Soc. 1884. 
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Saxony are good examples. Sometimes a succession of such, stock-works 
may be observed in the same mine. Among the granites, elvans, and 
Devonian slates of Cornwall, tin-ore has segregated in rudely parallel 
zones or “floors.” At Botallack, at the side of ordinary tin lodes, floors 
of tin-ore from six to twelve feet thick and from ten to forty feet broad 
occur. The name of Fahlhands has been given to portions of “ country ” 
which have been impregnated with ores along parallel belts. 

Paut X. Unconformability. 

Where one series of rocks, whether of aqueous or igneous origin, has 
been laid down continuously and without disturbance upon another series, 
they are said to be coiiformahlc,') ThxxB in Fig. 356, the sheets of con- 



Limestone, Glamorgansliire (B). 

glomerate {h h) and clay and shales (c d), have succeeded each other in 
regular order, and exhibit a perfect conformahility. They overlap each 
other, however, each bed extending beyond the edge of that below it, 
and thereby indicating a gradual subsidence and enlargement of the area 
of deposit (p. 653). But all these conformable beds repose against an 
older platform a a, with which they have no unbinken continuity. Such, f I 
a surface of junction is called an unconformaUlity^ and the upper are said to^ ! | 
be unconfor7nahle on the lower rocks. The latter may consist of horizontal 
or inclined clastic strata, or contorted schists, or eruptive massive rocks. 

In any case, there is a complete stratigraphical break between them and 
the overlying formation, the beds of which rest successively on different 
parts of the older mass. 

It is evident that this structure may occur in ordinary sedimentary, \\ 
igneous, or metamorphic rocks, or between any two of these great series. It' 
It is most familiarly displayed among clastic formations, and can there be ’ 
most satisfactorily studied, since the lines of bedding furnish a ready 
means of detecting differences of inclination and discordance of super- 
position. But even among igneous protrusions, and in ancient meta- 
morphic masses, distinct evidence of unconform ability is occasionally 
traceable. (^Wherever one series of rocks is found to rest upon a highly 
denuded surface of an older series, the junction is unconformable.^y 

^ The occurrence of consideralole contemporaneous erosion between undoubtedly conform- 
able strata belonging to one continuous geological series has already (pp. 639-642) been 
described. 
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,i Hence, an uneven iiTegalarly-\rom platform lielow- a succession of miitu- 
I ally conformaHe rocks is one of tlie most characteristic features of this 
I kind of structure. 

It has already keen pointed out, that though conformable ^ rocks may 
usually be presumed to have followed each other continuously without 
any great disturbance of geographical conditions, we cannot ahvays be 
safe in such an inference. Eat an unconformability leaves no room to 
doubt that it marks a decided break in the continuitj^ of deposit. . Hence 
no kind of geological structure is of higher importance in the interpreta- 
tion of the history of the stratified formations of a country. In rare 
cases, an unconformability-may occur between two horizontal groups of 
strata. On the left side of Fig. 356, for instance, the beds d follow 
horizontally upon the horizontal beds (a). "VYere merely a limited section 
visible, disclosing only this relation of the rocks, the two groups a and tl 
might be mistaken for conformable portions of one continuous series. 
Further examination, however, would lead to the’ detection of evidence 
that the limestone a had been upraised and unequally denuded before the 
deposition of the overlying strata h c cl. This denudation would show 
that the apparent conformability was merely local and accidental, the 
older rock having really been upraised and worn clown before the forma- 
tion of the newer. In such a case, the upheaval must have been so 
uniform over some tracts as not to disturb the horizontality of the lower 
strata, so that the younger deposits lie in apparent conformability upon 
them. 


As a rule, however, it seldom happens that movements of this kind 


have taken place over an extensive area 
so . equably as not to produce a want of 
coincidence somewhere between the older 
and newer rocks. Most frequently, the i’ 
older formations have been tilted at^: 
various angles, or even placed on end. v| 
They have likewise been irregularly and [ 
often eiiormoii.sly worn down. Hence! j 
instead of lying parallel, the younger!' 



[’’ij.?. SftT. — IJiicoiiforiiiability between liori- 
zoiital and inclined strata. Inferior 


beds run transgressively across the up- 
turned denuded ends of the older. 


Oolite (ff. li) resting on Carboniferous 
Liiiiestone p:); Froiiie, Somerset (U.) 


greater the disturbance of the older rocks, the more marked is the 
^i^onfqrmability. In Fig. 357 the lower series of beds (c) has been 
upturned and denuded before the deposition of the upper series {a h) upon 
it. In this instance, the upper worn surface of the limestone {c) has been 
perforated by boring mollusks below the sandy stratum (h). 

Uji, unconformability forms one of the great breaks in the geological 
record. In Fig. 226 (p. 653), by way of illustration, we see at once that 


a notable hiatus in deposition, and therefore in geological chronology, must 
exist between the older conformable series, a h c, and the later strata by 
which these are covered. The former had been deposited, folded, up- 
heaved, and worn down before the accumulation of the newer series upon ! ' 
their denuded edges. These changes must have demanded a consider- 
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able lapse of time. Yet, looking inei-(‘ly at the structures in itself, w(‘ 
have evidently no means of fixing, evisn rt‘latively, the hnigth of interval 
marked liy an uneonfomialiility. Uy aseertaining, from some other 
region, the full suite of formations, we learn what memhesrs of tins suec(*s- 
sion are wanting. In this way, it would Ikj discovm'tMl that the greatei' 
part of the (tarhoniferous system, tin; whole of the Ihaanian, and tin; 
Trias and the Lias are absent from tin; p-ound represtmtinl in Fig. Mo? 
(compai’e Fig. 22()). Thu m(;re violence; of contrast b(*twe{;n a s(;t of vertical 
beds l)elow and a horizontal group above, is in itself no (U‘rtainly reliable 
criterion of the rcla,tiv(; lapse of time l)(‘tween their ([(‘position ; for 
obviously, an older portion of a, given formation might be tilt(;d on end, 
a,nd be overlain unconforrnably by a later part of tin; same; formation. A 
set of fiat rocks of high geologi(;ai anticpiity may, on tin; otln*r hand, be 
conformably (X)ver<;d by a formation of (;omparativ(dy recent date, yet, in 
spite of the want of discordance bctwe(‘n the two, tln‘y might hav(; been 
separat(;d by a hirg(; portion of tin; total sum of g(‘ologieal tinn*. Further 
examination will usually suffice t.o show that tin; e.onformahility in such 
cases is only partial or acci(lental, and that localit ies may Ik; found wIkm’i; tin* 
r-— fonuatioiis ai'c distinctly unconfoinnahh;. 

From tin; centre of tin; H(;ction in Fig. b5S, 
(‘xampl(‘, the two groups of rocks might, 
rrw, - strUon of local Oil casual examination, lx* [ironouneeii to 

(,orifoinuihiiitj. coiifonnahle. Vet at short diHtanc(*H on 

either side;, proofs of violent unconfonnahility are consjiicuous. It sonnv- 
times happens that more than one unconfonnahility may lu; (hdmdtid in 
the same section. In Fig. .‘M4 (p. 71)T), for cxamiile, tlie anci(;nt gneiss 
at the liottom has been enormously wairn down h(;for(; the ([(‘position ipion 
it of the uncon formahle Torridonian conglomerates and HandHton(‘s, \vhi(;h 
in turn are unconformably overlain hy the much younger (’ambrian 
deposits. This double break in tin; Htratigniphi(;al scMpumci; can Ik; recog- 
nised even from a distance along the sidtjs of some of the mountains in 
the west of Sutherland. If we pass from a single section to a wider tract 
of countrv a whole series of uneonformabilities mav be made out. In 




Figi aw,— Umgramuiutic Hcctiun Oi nlKm* tlu? Hiu-crnHivt* unc<»iil'uriunblliU«‘H in Uh* North of 

HcotliuiU. 

o, Lewiniau gnolHH ; h, TorrUIoniau Saml.sUnu* ; r, (Jambrian (juanzllr, liitiimfoiir, k(\ ; K, gurljtn 

<»r Moino-HchlHt 7Vf), e, OhI H«m 1 SauUMUmt* ; /, uud Jumnnir fonnntiorfH ; ij, frug- 

ineiit, of the Chalk ; //, Tertiary Ittvu« of the great plateaux ; 1, Boulder eiay atid glarinl drifU lying 
on the denuded wlgos of old«‘r fi»rmalionH ; 1 , ‘J, a, 4 , o, ♦», 7, ujuronforuiahslitieM ; 'rUniMt-pifUie. 

the north of Scotland, at least seven such breaks in the se(|ueiK;e of the 
formations can lie observed, as shown diagrammatically in Fig, 351). 
The two earliest of these (1 and 2 in the figure) have just Ijeen ref(;rred 
to, the first between the Arclnean gneiss (a) and the Torridon sandstone 
(/>), and the second lietweeu that sandstone and the Cambrian series (r). 
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The latter has had pushed over it on a great thrust-plane (p. 692) the 
whole vast mass of the eastern gneissose flagstones or Moine- schists. 
The third imconformability, representing another vast interval of time, 
separates the Cambrian formations and the eastern gneisses {d) from the 
Old Red conglomerate and sandstone. Still more enormous must be the 
fourth gap in the chronology between that sandstone and the base of the 
Mesozoic formations (/), A fifth break comes between the Jurassic series 
and the Cretaceous strata {g\ for the Chalk is found to lie on the older 
part of that series and even on the pre- Cambrian rocks. The Cretaceous 
rocks have been removed by denudation from almost the whole region, 
save where they have been preserved under the thick cover of nearly flat 
unconformable older Tertiary basalts (A and 6), which are once more 
unconformably overlain by the glacial drifts (i, 7) and post-Tertiary and 
recent deposits. ^ The relative chronological value of these several inter- 
ruptions of the stratigraphical sequence is not necessarily indicated by the 
violence of the unconformability. It must be considered with reference 
to the geological age of the formations which are separated by the gap. 
In the following Book we shall consider how, by the evidence of organic 
remains, the relative importance of unconformabilities is ascertained. 

Paramount though the effect of an unconformability may be in the 
geological structure of a country, it must nevertheless, when viewed on 
the large scale, be more or less local. The disturbance by which it was 
produced will usually he found to have affected a comparatively circum- 
scribed region, beyond the limits of which the continuity of sedimentation 
may have been undisturbed. There is no satisfactory evidence of world- 
wide terrestrial movements by which stratigraphical breaks were pro- 
duced simultaneously over the whole globe. We may, therefore, generally 
expect to be aide to fill up the gaps in one district or country from the 
more complete series of geological formations of another. 



BOOK V. 

PALEONTOLOGICAL GEOLOGY. 

Palaeontology treats of the structure, affinities, classification, distribu- 
tion in time and genetic relations of the forms of plant and animal life im- 
bedded in the rocks of the earth’s crust. ^ Considered from the biological 
side, it is a part of zoology and botany. A proper knowledge of extinct 
organisms can only be attained by the study of living forms, while our 
acquaintance with the history and structure of modern organisms is 
amplified by the investigation of their extinct progenitors. Viewed, on 
the other hand, from the physical side, palaeontology is a branch of 
geology. It is mainly in this latter aspect that it will here be discussed. 

Palaeontology or Palaeontological Geology deals with fossils or 
organic remains preserved in natural deposits, and endeavours to gather 
from them information as to the history of the globe and its inhabitants. 
The term fossil, meaning literally anything “dug up,” was formerly 
applied indiscriminately to any mineral substance taken out of the 
earth’s crust, whether organised or not. Ordinary minerals and rocks 
were thus included as fossils. For many j^ears, however, the meaning 
of the word has been so restricted as to include only the remains or 
traces of plants and animals preserved in any natural formation, whether 
hard rock or loose superficial deposit. The idea of antiquity or relative 
date is not necessarily involved in this conception of the term. Thus, 
the bones of a sheep buried under gravel and silt by a modern flood, and 
the obscure crystalline traces of a coral in ancient masses of limestone, 

^ Besides the general text-books enumerated on p. 7 the following treatises and papers 
on special branches or aspects of Palaeontology may here be mentioned. A. Gaudry, ‘ Les 
Enchainements du nionde animal dans les temps Gdologiqnes — Mammiferes Tertiaires,’ Paris, 
1878 ; 'Les Enchainements &c. — Fossiles Primaires,’ 1883 ; ‘ Essai de Paleontologie Philo- 
sophique,’ completing the 'Enchainements,’ 1896. H. S. Williams, ‘Geological Biology, 
an Introduction to the Geological History of Organisms,’ 1895. E. C. Case, 'The 
Development and Geological Relations of the Vertebrates — Pishes,’ Journ. Geol. vii. p. 393 ; 
‘Amphibia and Reptilia,’ pp. 660, 622, 711 ; ‘Birds and Mammalia,’ p. 816 and vii. p. 
163. C. A. White, ‘The Relatioiisof Biology to Geological Investigation’ ; Nature, lii. (1895), 
pp. 258, 279. H. F. Osborn, “Correlation between Tertiary Mammal Horizons of Europe 
and America,” Ami. New York Acad. Sci. xiii. (1900), and other papers cited on later pages. 
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are equally fossils.^ ISfor has the term fossil any liiuitatioii as to organic 
grade. It includes not merely the remains of organisms, but also what- 
ev^er was directly connected with, or produced by these organisms. Thus, 
the resin which exuded from trees of long-perished forests is as much a 
fossil as any portion of the stem, leaves, flowers, or fruit, and in some 
respects is even more valuable to the geologist than more determinable 
remains of its parent trees, because it has often preserved in admirable 
perfection the insects which flitted about in the woodlands. The burrows 
or trails of a worm, in sandstone or shale, claim recognition as fossils, 
and indeed are commonly the only indications to be met with of the 
existence of annelid life among old geological formations. The drop- 
pings (coprolites) of Ashes and reptiles are excellent fossils, and tell their 
tale as to the presence and food of vertebrate life in ancient waters. The 
little agglutinated cases of the caddis-worm remain as fossils in formations 
from which perchance most other traces of life may have passed away. 
Nay, the very handiwork of man, when preserved in any natural manner, 
is entitled to rank among fossils ; as where his fiint-implements have been 
dropped into the prehistoric gravels of river-valleys, or where his canoes 
have been buried in the silt of lake-bottoms. 

The term fossil, moreover, suffers no restriction as to the condition or 
state of preservation of any organism. In some rare instances, the very 
flesh, skin, and hair of a mammal have been preserved for thousands of 
years, as in the case of mammoth carcases entombed in the frozen mnd- 
cliffs of Siberia.^ Generally, all or most of the original animal matter 
has disappeai'ed, and the organism has been more or less completely 
mineralised or petrified. It often happens that the whole organism has 
decayed, and a mere cast in amorphous mineral > matter, as sand, clay, 
ironstone, silica, or limestone, remains ; yet all these variations must be 
comprised in the comprehensive term fossii. 

Two preliminary q^uestiojis demand attention : in the first place, liow 
remains of plants and animals come to be eiitomlied in rocks, and in the 
second, how they have been preserved there so as to l>c now recognisal>]e. 

§ i. Conditions for the entombment of Organic Remains. — If what 
takes place at the present day may fairly he taken as an indication of 
what has been the ordinary condition of things in the geological past, 
there must have l.)een so many chances against the conservation of either 
animal or plant remains, that their occurrence among stratified forma- 
tions should be regarded as exceptional, and as the ]*esult of various 
fortunate accidents. 

1. On Land. — Let ns consider, in the first place, what chances exist 
for the preservation of remains of the present fauna and flora of a country. 
The surface of the land maybe densely clothed with forest, and abund- 
antly peopled with animal life. But the trees die and moulder into soil. 
The animals, too, disappear, generation after generation, and leave few 

^ The vord “ fossil” is soraetiriies wrongly used as synoiiynions with ‘ ^ putrified, ” find 
we accordingly find the intolerable l)arl)arii?iii of ‘‘ siib-fossil.” 

- Por particulars of an cxlmniation see ‘Beitrii'^e ziir Kenntiiiss des Russisclieii 
Reiches,’ Bd. III. (1887), p. 175. 
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perceptible traces of their existence. If we were not aware from 
authentic records that Central and Northern Europe was covered with 
vast forests at the beginning of our era, how could we know this fact ? 
What has become of the herds of wild oxen, the bears, wolves, and other 
denizens of the lowlands of primeval Europe ? For unknown ages, too, 
the North American prairies have been roamed over by countless herds 
of buffaloes, yet, except here and there a skull and bones of some com- 
paratively recent individual, every trace of these animals has disappeared 
from the surfaced How could we prove from the examination of the 
soil either in Europe or North America that such creatures, though now 
locally extinct, had once abounded there'? We might search in vain for 
any superficial relics of them, and should learn by so doing that the law 
of nature is everywhere dust to dust.” 

The conditions for the preservation of evidence of terrestrial (includ- 
ing freshwater) plant and animal life must, therefore, be always local, and, 
so to say, exceptional. They are supplied only where organic remains 
can be protected from air and superficial decay. Hence, they may be 
observed in lakes, peat-mosses, deltas at river-mouths, caverns, deposits 
of mineral-springs and around volcanoes. 

a. Lakes . — Over the floor of a lake, deposits of silt, peat, marl, &c., are formed. 
Into these, the trunks, branches, leaves, flowers, fruits, or seeds of plants from the 
neighbouring land may he carried, together with the bodies of vertebrates, birds, and 
insects. An occasional storm may blow tbe lighter debris of the woodlands into the 
water. Such portions of the wreck as are not w^ashed ashore again, may sink to the 
bottom, wdiere they will, for the most part, probably rot away, so that, in the end, only 
a very small fraction of the whole vegetable matter, cast over the lake by tbe wind, is 
covered up and preserved at the bottom. In like manner, tbe remains of winged and 
four-footed animals, swept’by winds or by river-floods into the lake, rim so many risks 
of dissolution, that only a proportion of them, and probably merely a small proportion, 
is preserved. When we consider these chances against the conservation of the vegetable 
and animal life of tbe land, wc must admit that, at tbe best, lake-bottoms can contain 
but a meagre and imperfect representation of the abundant life of the adjacent hills and 
plains. Lakes, however, have a distinct flora and fauna of their own. Their aquatic 
plants may be entombed in the gathering deposits of the bottom. Their mollusks, of 
characteristic types, sometimes form, by the accumulation of their remains with those 
of lime-secreting algm, sheets of soft calcareous marl (pp. 605, 613), in wliicli many of 
the un decayed shells are preserved. Their fishes, likewise, must no doubt often be 
entombed in the silt or marl. 

1). Peat-mosses . — Wild animals, venturing on the more treacherous watery parts of 
peat-bogs, are sometimes engulphed or “laired.” The antiseptic qualities of the peat 
preserve their remains from decay. Hence, from European peat-mosses, numerous 
remains of deer and oxen have been exhumed. Evidently the larger beasts of tbe 
forest ought chiefly to be looked for in these localities (p. 609). 

c. Deltas at river -mouths . — It is obvious that, to some extent, both the flora and 
the fauna of the land may he buried among the sand and silt of deltas (p. 509). But 
though occasional or frequent river-floods sweep down trees, herbage, or the bodies of 
land-animals, the carcases so transported run every risk of having their bones separated 
and dispersed,*-^ or of decaying or being otherwise destroyed, while still afloat ; and even 

^ See Jules' Marcou, ‘ Lettres sur les roches du Jura,’ p. 103. 

- Lower jaws, for instance, because they are among the earliest parts of the skeleton of 
a floating carcase to drop off, are not infrequently met with as fossils. 
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if tliey reach tlie bottom, they tend to dissolution there, unless speedil3" covered up 
and protected by fresli sediment. Delta-formations can therefore scarcely be expected 
to preserve more than a meagre outline of a varied terrestrial flora and fauna. 

cl. Oa'ccrns . — These are eminently adapted for the preservation of the higher forms 
of terrestrial life (pp. 477, 626). Most of our knowledge of the prehistoric manimaliau 
fanna of Europe is derived from what has been disinterred from lone-caves. As these 
recesses lie, for the most part, in limestone or in calcareous rock, their floors are 
commonly coated with stalagmite from the drip of the roof ; and as this dej^osit is of 
great closeness and durability, it has efTectually preserved ■whatever it has covered or 
enveloped. The caves have, in many instances, served as dens for predatory beasts, 
like the hyaena, cave -lion, and cave- bear, which sometimes dragged their prey into 
these recesses. In other cases, they have been mei'ely holes whither different animals 
crawled to die, or into which they fell or were swept by inundations. Under what- 
ever circumstances the animals left their remains in these suhterraneaii retreats, the 
bones have been covered up and preserved. Still we must admit that, after all, only 
a small fraction of the animals of the time would be included, and therefore that the 
evidence of the cavern -deposits, profoundly interesting and valuable as it is, presents 
ns with merely a glimpse of one aspect of the life of the land. 

e. Deposits of mvneTCtl-sprmgs. — The deposits of mineral matter, resulting from the 
evaporation of the water of mineral springs on the surface of the ground, serve as 
receptacles for occasional leaves, land-shells, insects, dead birds, small rnanunals, and 
other remains of the plant and animal life of tbe land (pp. 475, 611). 

/. Volcctnic deposits . — Sheets of lava and showers of volcanic dust may entomb 
terrestrial organisms (pj). 276, 755). It is obvious, liowev^er, that even over tbe areas 
wherein volcanoes occur and continue active, they can only to a very limited extent 
entomb and preserve the flora and fauna of the land. 

2. In the Sea. — In the next place, if we turn to the sea, we find 
certainly more favourable conditions for the preservation of organic 
forms, but also many circumstances which operate against it.^ 

a. littoral deposits. — While the level of the land remains stationary, there can be 
but little effective entombment of marine organisms in littoral deposits; for only a 
limited accumulation of sediment will be formed until subsidence of tbe sea-floor takes 
place. In the trifling beds of sand or gravel tbi'owii up by storms above the limits of 
ordiiiaiy wave-action on a stationary shore, only the ‘harder and more durable forms 
of life, such as the stronger gasteropoda and lamellihranchs, which can withstand the 
triturating effects of the beach-waves, are likely to remain uneffaced (p. 580). 

b. Deeper -mater tcrrigcivoiis deposits . — Below tide-marks, along the margin of land 
whence sediment is derived, conditions are more favourable for the preservation of 
marine organisms. Sheets of .sand and mud are there laid down, wherein the harder parts 
of many forms of life may be eii tombed and protected from decay (p. 581). But probably 

^ Eeference may be made here to .some term.s which, in recent years have come into 
general use in reference to the fauna of the ocean. “Plankton,” proposed l>y Heiiseii in 
1887 to denote all animals living pas.sively iu the sea, was subsequently enlarged in meaning 
by Haeckel so as to embrace all the fauna of the oceanic waters. “Benthos” is applied to 
all plants and animals living on or creeiung over the sea- floor. “Nekton ” embu’aces <all the 
free-swimming forms, such as ffshes and marine maninialia. An animal or plant may at 
different periods of its existence pa.ss from one of these designations to another, as where it 
begins in the benthos and end.s in the nekton, or vice rmsw. The student will find a 
suggestive essay on the application of modern views regarding the habitats of marine animals 
to fossil forms in Prof. J. Walther’s pajoer, “Ueher die Lebeiisweise fossiler Meeresthiere, ” 
K D. </. (x. xlix. (1897), pp. 211-273. The sections on the mode of life of GraptoHtes and 
oil the habits and transport of Ammonites are of special interest. 
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only a small proportion of tlie fauna that crowds these m.'ir^nnal waters of tin; oc*(3aUj 
with occasional ixdagio species, may 1)0 exjjceted to occur in such <h'})o.sit.s. Moreover, 
for the entomhment and preservation of th«i remains of these organisms, there must 
obviously be a sutliciontly abundant and rapid d<'posij; of sediment, and for tin* pre.serva- 
tion of a continuous aTid;])rolong(!(l record of the submarine life, there must likewise be 
a slow depression of the sea-bottom. Ibnler the most favourabh; conditions, therefore, 
the organic rcinaiiis actually ])r<!serv<‘d will usually represent little more than a mere 
fraction of the whole. a,ssemhlage of life in the.se juxta-terrc-strial parts of the oc.ean. 

c. Abysmal (UposU^, — In ])roportion to distanee from land, the rab^ of (h‘po.sitiou of 
sediment on the sea-lloor must hceome feebler, until in the remote <’entnil ahy.Hses 
it rcaclie.s a hardly ajipreeiahle. minimum, while at the sanu^ time, the. solution of e-alear- 
eoiis organisms may become. marke.<l in deep wut(u* (pp. taM), btll ). Mxcept, therefon*, vvheiai 
organic de])0Bits such as ooze, are forming in thesi* more pelagi(t regions, the eondition.s 
must ho on the whole uufavourahle for the preservation of any adequate repreH<*nt ation 
of tlie deep-sea fauna, ifanl enduring ohject.s, such as t('eth and hone.s, may slowly 
a,ccumulate and la*, protexited by a coating of peroxith* of mangamwe, or of silicates, Htieh 
as are now forming liere and there ()V(!r the <le<q» sea-hottom. \'(*t a. d(‘po.sit ‘d’ this 
nature, if raisisl into laud, would HU])ply hut a im^agn* picture of the lite of the 

In {'.ousidering the various eondition.s utuler \vhi(’h marim; organisms may br en- 
tombed and preserved, we must take into uee:ount <*ertain occasiomil ])heuomeiia, wlien 
sudden, or at hiiist rapid ami ex'teusive, (h%strU(!tion of the fauna of tin* sea may la*. 
caused. (1) Marth()uak(i shoeks have been followed by the washing ashon* of vast 
(luantiiies of dea<l fish {aulr., p. :i7r>). (2) Adoleiit storms, by driving shoal, s of tishes into 

shallow water and against rocks, jiroihusi enormous di-struetiom Dr. Leith Adams 
describes the coast of ])art of the Lay of Fundy as being covered t<» a depth of a foot in 
some places with dead hsh, da.shed ashore by a storm on the ‘21th of September, 

(tJ) (Joj)ious diseharges of fresh water into the sea hav(i been observed to <;auHe i>\tensiv<*. 
mortality among marine organisms. Thus, during the S. \V. monsoon and aeeompany- 
ing heavy rains, the west coasts of some parts of Imlia are covered with <lead ti.Nh thrown 
ashore from tlie sea.- (I) A smhlen irruption of the. outer sea into a sheltereii and 
ptiftially hrac.kish inlet may cause the extinctiou of many of the d»*ni/.eic«i f)f the latter, 
though a few may be able to survive the, altered ('oiiditions.*' (fij Voh'anie explo.^-ions 
have been observed to cause considetrabhj destriii'tiou to marine life, either from the 
heat of the lava, or from the. alnindanee of u-shes or of poisonous gaMcs. Want of 
oxygen, when fishes are crowd e(,l togetlun* in frightened shoals, or when, burrowing in 
sand and mud, tiny are overwlndmeil with rapidly aeeumulatiiig di*t ritus, in aM«)tlicr 
cause of mortality.”* (7) Shoals of lish are sometimes drivtm uMhore by the large 
y>redatory denizens of the (leep, hu<*1i as whales ami porpoises. JHi Too imteh or ton 
little heat in shallow waiter leads to the. destruetion of tish. Large numlier.H of salmon 
are sometimes killed in the pools of a river during dry and hot weather, ’ h) Coiisi«h'r» 
able mortality oecasioiially arises along the littoral zone from the edec'ls of severe 
(10) Various diseaseH and parasites aifeet lish, and lea«l <lireetly to their death, or 
weaken them so that they are more (*asily eauglit by their enemies.'’^ Such phenomena 
as those h(*.re enumeratisl suggest prohahh^ eau.Hcs of death in th^^ case of fosHil liMlicH, 
whose remaiiiH arc some-tiim's crowtlcd b»g«dher in various gitological format I oiih, as for 
example, in the Ohl lied Sandstone. 

Of the: whole sea-floor, the areas he.st adaptetl for preserving organie 

' {K J. (L K XX ix. p. dOn. 

“ Denison, ay. ('it. xviii. p. 4511. XainMVMi Decen)h»*r 1 872, p. 1 24) gives another iiislaiiei'. 

Forehhammor, Kdln. Xar. Vhil. Jaurti. xxxi. p. Oh. X(din't\ i. p. 154 ; xiii, p. 107. 

* Sir J. W, Davv.son, (iedlayhU ii. (lt<51i), p. 210. 

'' For fuller references, see. uu intere.sthig paper by Professor T. Itiiperi .bmeH, OV##/. May, 
1882, p. fm. 
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are obviously (1) that juxita- terrestrial belt in which life is most 
varied and abundant, and where sediment, transported by rivers and 
currents from the adjacent shores, is cliiefiy laid down • and (2) those 
tracts of the open ocean where the bottom rises near enough the surface 
to become the home of an abundant and varied fauna and the site of thick 
deposits of organic remains, as on the tops of submarine volcanic ridges. 
The most favourable conditions for the accumulation of a thick mass of 
marine fossiliferous strata will arise when the area of deposit is under- 
going a gradual subsidence. If the rate of depression and that of deposit 
be equal, or nearly so, the movement may conceivably continue for a vast 
period without producing any great apparent change in marine geography, 
and even without seriously affecting the distribution of life over the sea- 
floor within the area of subsidence. Hundreds or thousands of feet of 
sedimentary strata may conceivably be in this way heaped up round the 
continents, containing a fragmentary series of remains, chiefly forms of 
shallow-water life which had hard parts capable of preservation. 

There can be little doubt that such has, in fact, been the history of 
the main mass of stratified formations in the earth’s crust. These piles 
of marine strata have unquestionably been laid down for the most part 
in comparatively shallow water, within the area of deposit of terrestrial 
sediment. Their great depth seems only explicable by prolonged and 
"repeated movements of subsidence, sometimes interrupted, however, as we 
know, by other movements of a contrary kind. These geographical 
changes affected at once the deposition of inorganic materials and the suc- 
cession of organic forms. One series of strata is sometimes abruptly 
succeeded by another of a very different character, and we not uncommonly 
had a corresponding contrast between their respective organic contents. 

It follows, from these conditions of sedimentation, that representatives 
of the abysmal deposits of the central oceans are not likely to he met 
with among the geological formations of ^^ast times. Thanks to the great 
work done by the OhcdletKjer and other national expeditions, we have learnt 
what are the leading characters of the accumulations now forming on the 
deeper parts of the ocean* floor. So far as we yet know, they have no 
analogues among the formations of the earth’s crust. They differ, indeed, 
so entirely from any formation which geologists have considered to be of 
deep-water origin as to indicate that, from early geological times, the 
present great areas of land and sea have remained on the whole where 
they are, and that the land consists mainly of strata formed of terrestrial 
d6hris laid down at successive epochs in the surrounding comparatively 
shallow seas. 

§11. Preservation of Orgranie Remains in mineral masses. — The 

condition of the remains of plants and animals in rock-formations depends, 
first, upon the original structure and composition of the organisms, and 
secondly, upon the manner in w'-hich their ‘Tossilisation,” that is, their 
entombment and preservation, has been efiected. 

1. Influence of original structure and composition. — 
The durability of organisms is determined by their composition and 
structure. 
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The internal skeletons of most vertebrate animals consist mainly of phosphate of 
lime ; in many saiirians and fishes there is also an e.^o-skeleton of hard bony plates or 
of scales. It is these durable portions, that remain as evidence of the former existence 
of vertebrate life. The hard parts of invertebrates present a greater variety of com- 
position. In the vast majority of cases, they consist of calcareous matter, either 
calcite or aragonite. The carbonate of lime is occasionally strengthened by 
phosphate, while in a few cases, as in tlie horny brachiopods, in Conularia, Serpula, and 
.some other forms, the phosphate' is the chief constituent.^ Eext in abundance to lime 
is silica, which constitutes the frustiiles of diatoms and the harder parts of many 
protozoa, and is found- also in the teeth of some mollusks. The integuments of insects, 
the carapaces of Crustacea, and some other organisms, are composed fundamentall}’' of 
ch i tin, ^ a transparent horny substance which can long resist decomposition. In the 
vegetable kingdom, the substance known as cellulose forms the essential part of 
the framework of plants. In dry air, it possesses considerable durability, also when 
thoroughly water-logged and excluded from meteoric influences. In the latter condition, 
imbedded amid mud or sand, it may last until gradually petrified.*’ 

It is a familiar fact that in the same stratum dilferent organisms occur in remarkably 
different states of conservation. This is sometimes strikingly exemplified among the 
inolliisca. The conditions for their preservation may have been tlie same, yet some 
kinds of shells are found only as empty niould.s or casts, while others still retain their 
form, composition, and structure. Tliis discrex^aiicy no doubt, jDoints to original dif- 
ferences of composition or structure. The aragonite shells of a stratum may be entirely 
dissolved, while those of calcite may remain.'^ The x^resence, therefore, of calcite forms 
only does not necessarily imxdy that others of aragonite were not originally present. But 
the conditions of petrifaction have likewise greatly varied. In the clays of the Mesozoic 
formations, for examxde, ceplialopods may be bxhumed retaining even their pearly nacre, 
while in corresponding deposits amongThe Palfeozoic systems they are merely crystalline 
calcite casts. 

2. Fossilisation. — The condition in which organic remains have 
been entombed and mineralised may be reduced to three leading types. 

(1) The original sahstaiice is partly or lolbollii preserved. — Several grades may be 
noticed : {a) where the entire animal substance is retained, as in the frozen carcases of 
mammoths in the Siberian cliffs ; {h) where the organism has been mummified by being 
encased in resin or gum (insects in amber) ; (r) where the organism has l)een caibonised 
with or without retention of its structure, as is characteristically sliowu in peat, lignite, 
and coal ; [d) where a variable x>ortion of the original substance, and esxjecially the 
organic matter, has been removed, as hax^x^^^^^ with shells and bones : this is no doubt 
one of the first steps towards petrifaction. 

(2) The original substance is entirely removed, with retention merely of external 
form. — Mineral matter gathers round the organism and hardens there, while the organ- 
ism itself decays. Eventually a mere mould of the plant or animal is left in stone, 
livery stage in this x>rocess may be studied along the mai'gin of calcareous springs and 
streams {ant&y p. 611). The lime in solution is x;>recipitated round fibres of moss, leaves, 
twigs, te,, which are thereby incrusted with mineral matter. While the crust thickens, 
the organism inside decays, until a mere hollow mould of its form remains. Among 

^ hog^ and Hunt, Amer. Journ. Sci. xvii. (1854), x^. 235. 

^ According to C. Schmidt, the ^ composition of this substance is C, 46*64 ; H, 6*60 ; 
N, 6*66; 0, 40*20. The brown cliitin of Scottish Carboniferous scorpions is hardly 
distinguishable from that of recent sx)ecies. 

^ On cellulose and coal, see C. P. Cross and E. J. Bevan, Brit Assoc. 1881, Sects, 
p. 603. 

See ante, pp. 155, 177, 613, and authorities there cited. 
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stratified rocks, rtibulds of organic forms are of frequent occurrence. They may he filled 
up witlt ffiiiii*eral matter, washed in meclianically or deposited as a clieniical precip)itate, 
so tlmt acast in stone replaces tlie original organism. Such casts are particularly coinnioii 
in sandstone, which, being a porous rock, has allowed water to filter through it and 
remove the substance of enclosed plant-stems, shells, &c. lu the sandstones of the Car- 
honiferons system, casts in compacted sand of stems of Lcpidodmidwn and other ])lants 
are ahundant. Some of the most remarkable exaiQples of this type of fossilisatioii are 
the Jelly-fislies which have left their records in Cambrian and Jurassic strata. These 
animals had no hard parts ; like their modern representatives, they Avere mere gelatinous 
structures full of water, yet they have left their clear impressions oii- the fine silt in which 
they were entombed.^ It is obvious that in casts of this kind, no trace remains of tlie 
original stradtnre of the organism, but merely of its external form. 

(8) The ofiginal s'lbhstaiue is molecularly 7'pl aced hj mineral matter^ •ivith partial or 
miire ^rrcscf^dion of the interned st-ructiirc of the cvgecnls)}}.. — This is the only true petri- 
faction, Til© process consists in the abstraction of the organic substances, molecule 
by molecule, and in their replacement by precipitated mineral matter. 8o gradual and 
thorough has this interchange often been, that the minutest structures of plant and 
animal have been perfectly preserved. Silicified wood is a familiar example (see p. 474), 

The chief substance wdiich has replaced organic forms in rocks is calcite, either 
crystalline or in an amorphous granular condition- In assuming a crystalline (or fibrous) 
form, this miueral has often observed a symmetrical grouping of its ■ component indi- 
viduals, these being usually placed with their long axes perpendicular to the surface 
of an organism. In many cases, among invertebrate remains, the calcite now visible is 
pseudornorplious after aragonite (p. 107). Kext in abundance as a petrifying niediuni 
is silica, most commonly in the chalcedouic form, but also as quartz. It is specially 
frequent in some limestones, as- clierti,„aiid hintj replacing the carbonate of lime in 
inollusks, ecliinoflerriis, corals, &g. ‘ Tt’' also occurs in irregular aggregates, in wliieh 
organisms are soinetmes beautifully preserved. It forms a frequent material for the 
petrifaction of fossil wood. Silicificatioii, or the replacement of organisms by silica, is 
the process ly which minute organic structures have hee]i most perfectly jircserved. In 
a inimroscopic section of silicified wood, the organisation of the original plant may he as 
distinct as in the section of any modern tree.- Pyrites and niarca.site, especially 
the latter, are common replacing minerals, abundant in argillaceous deposits, as, for 
example, among the Jura.ssic and Cretaceous clays. 8i derite has pdayed a .similar 
part among the ironstones of the Coal-measure.s, where slndls and plants have been 
replaced by it. Many other niiuer*als are occasionally found to liave beon suli.stitiited 
for the original suhstance of organic reiiiaiiis. Among these may be mentioned glauco- 
nite (replacing or filling foraminifera, qi. 627), vivianite (specially frequent as a coating 
on the Aveatliered surface of scales and bones), baryte.s, celestine, gyiisum, talc, lead- 
sulphate, carbonate, and sidphide ; copper-snlirhide and native copper ; Inematite and 
limonite; zinc-carbonate and sulphide; ciniiabai^ ; .silver chloride and native silver; 
lalphiir, fluorite, phosphorite. 

§ ML lelative Palseoiitologieal value of Organic Remains. — As the 

conditions for the preservation of organic remaiiLS exist more favourably 
nnder the sea than on land, relics of marine must he far more abundantly 
conserved than those of tcrrestidal organisms. This is true to-day, and 
has doubtless been true in all past geological time. Hence, for the 
ptirpases of the geologist, fossil remains of marine forms of life far sur- 

^ C. D. 'Walcott, ‘Fossil Medusae,’ Monograph xxx. JJ. S. (J. S. (1898). 

On the process of petrifaction in fo.ssil plants, .see J. Felix, if. D. G. G, xlix. (1897), 

p. 182. 

^ Roth, ‘Chem. Geol.’ i, p. 605. Jaiiiiettaz, Bull. Hoc. GeoL France (3), vii. p. 102. 
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pass all others in value. Anion, i*’ them, tlnn-e will iH'cessju’ily Iks i^radat ions 
in importance, regnlatod chielly hy tluhr jmssession of hard parts, readily 
suscejitihle of prijsei'vatiou among marin{Mh‘posits. Among tlu‘, Proto/.oa, 
foraminifers, radiolari.aiis, a,nd sponges, possessing silicaams or ea,lcai*eons 
organisations, have )>een pre.sm'ved in deposits of aJl ag(‘s. Of the 
(hjelenterates, those whicdi, like, tlni (*orals, seeri‘te a, calear(‘ous skeleton 
arc important rockdniilders. The Kchinodenns hav(‘ Ixam so abundantly 
preserviid that their geologi<;al history and diH'elopnnmt are better known 
than those of most other (Tasses of invert ehi-a-tes. The Annelijls, on 
the other hand ((‘..xeept wherc‘. they liave Iu*(*n tubieolai'j, have almo.st 
eutii*(ily disa|)piiar<id, though tlndr forinm- presenee. is oftmi r(*vt‘aled hy 
the trails they have hd’t upon surfaces of sand and mud. Of all tlie 
rnarirn*, ti'ihes whitdi livti within tlie juxta tern*strial bell of Hedirnenta* 
tiou, uiKjUCstionably tln^ Mollusca stand in tin*, front rank, as regards 
their aptitiuh* for lunioming fossils. In the first place, they almost all 
possess a hard diirahh^ shell, eompo.siai (diiefly of mineral matter, capable! 
of resisting (umsideraljh! abrasion, and n‘adily pa..ssing into a iriineralised 
condition. In the ne.xt place*., they ai’e*. extn‘mely abundant both as U> 
individnals and ge^muu. Then* occur on tint shore* up to high water mark, 
and range thence; down into the*, abyssc's. More*ov<*r, theyappe*ar t(» have 
pOSse^SHcd tb(!se ({ualificatie^ns from early gendogie-al {im(‘s. In tin; mariiK! 
MoUuS(;a, theredon;, we; have; a cummem ground of comparison b(‘tw(M‘n 
the stratifieul formatiems of elilleremt pe*riods. Tliey ha\e be‘en styh'd the 
alphabet of paheontological ine|uiry. ft will bi^ seen, us we* proc*t*cd, how 
much, in the* inteti'finetat.iem of gemlogie'al history, d(»pe*n<ls upon the tcHti* 
mony of seta sheills. 

Turning next to the; organisms of the! land, we pere*eive* that the; 
abundant terrestrial flora has a e*omparative‘ly small e*.ham*e! of being well 
repr<!H(!nted in a fossil state*. ; that indemd, a.s a rule*, onl^v that portion of 
it of which the leaves, twigs, flowers, fruits, ea* trunks are blmvti into 
lakes, or swept down by rive^rs, is likedy to lie |iartially prt*servae!. 
Terrestrial jilarits, theu’efore!, occur iu e-onqiarative* rarity among Htratifti*d 
rocks, and furnish in eonstjepujnce ordy limitesd metans (»f e*emiparison 
betwe.en the formations e>f diile.re!nt ag(‘K and countrie^s, althougli w!u*re 
they have beam plejutifully |»r{!.Herve!d th(!y furnish valuable liases for 
stratigraphical correlation, as has het!n shown during rejcent years in the 
case of the (JarhonifenTms and (T<!taeee)UH flonm (stm iiook VI. l*art I L sect, 
iv. I 1 ; Part III. sect. iii. S 1 ). Of lami animaLs, thes viini majeirify pemli, 
and leave no peu’riianejnt trace eif tlu^ir (!xiste!ne*e*. fh’edatory ami otfier 
forms, whose remiains may be; looked feir in eaivesms or peabmoifHeH, iiiunt 
occur more numcirously iu the fossil state than birds, and are cornispomi 
ingly more valuable to tin; geologist for the comparison of different strata. 

Another charactiir determimis tlu! r(*lativi! imporiama; of fonsik ai- 
geological momimeuts. AH orgatiisms have not the Hatne, inherent eiipa- 
liility of pm'sistenei!. Tlie longevity of an organic type lias, on tin* 
wliole, ]>een in inverse proportion to its perfection. The mor*e eompliiX 
its structure, the more susceptihle has it been of change, and conHequeaitly 
the less likely to 1)6 able to remain unaffeetod hy tlie infiueiiceii of vary 
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§ IV 1 

ing climate, and other physical conditions. A living species of foramiiiifer 
or hrachiopod, endowed with comparative indifference to its environment, 
may spread over a vast area of the sea-floor, and the same want of sensi- 
bility enables it to endure through the changing physical conditions of 
successive geological periods. It may thus possess a great range, both in 
space and time. But a highly-specialised malnmal is usually confined to 
but a limited extent of country, and to a narrow chronological range.^ 

§ iv. Uses of Fossils in Geology. — Apart from their profound interest 
as records of the progress of organised being upon the earth, fossils 
serve three main purposes in geological research : (1) to throw light upon 
former conditions of physical geography, such as the presence of land, 
rivers, lakes, and seas, in places where they do not now exist, upon 
changes of climate, and upon the former distribution of plants and 
«mals j (2) to furnish a guide in geological chronology whereby rocks 
may be classified according to relative date, and the facts of geological 
Mstory may be arranged arid interpreted as a connected record of the 
earth's progress; and (3) to afford a clue to the causes which haveded to 
the distribution of animals over the globe in ancient and modern time. 

1. Changes in Physical Geography. — A few examples will 
suffice to show the manifold assistance which fossils furnish to the geolo- 
. gist in the elucidation of ancient geography. 

(a) Former land -surfaces are revealed by the presence of tree -stumps in their 
positions of growth, with their roots branching freely in the underlying stratum, which, 
representing the ancient soil, often contains leaves, fruits, and other sylvan remains, 
together with traces of the bones of land-animals, remains of insects, land-shells, &c. 
Ancient woodland surfaces of this kind, found between tide-marks, and even below low- 
water line, round different parts of the British coast, have been above described as “Sub- 
jnerged Forests” (p. 388). Of more ancient date are the ‘‘dirt-beds” of Portland 
(Book VI* Part III. Sect. ii. § 2), which, by their layers of soil and tree-stimips, 
draw that woodlands of cycads sprang up over an upraised sea-bottom and were buried 
beneath the silt of a river or lake. Still farther back in geological history come the 
eoal-growths of the Carboniferous period, which, with their “under-clays” or soils, 

' point to wide jungles of terrestrial or arpiatic plants, like the modern mangrove-swamps, 
tbit were successively submerged and covered with sand or silt (Book YI. Part. IJ. Sect. 

:iv.§u 

(&) The former existence of lakes can be satisfactorily proved from beds of marl 
vr lacustrine limestone full of freshwater shells, or from fine silt with leaves, fruits, and 
feseot remains. Such deposits are growing abundantly at the present day, and they 
occui* on various horizons among the geological formations of past times. The well- 
kaown Hagelflue of Switzerland and the caddis-worm limestones of Auvergne can bt‘ 
dtownfrom their fossil contents to he essentially lacustrine deposits (Book VI. Part I Ah 
Beoh IL § 2). Still more important are the ancient Eocene and Miocene lake-formations 
of Korth America, whence so rich a terrestrial and lacustrine flora and fauna have lieen 
ol/lmined (Book VI. Part IV. Sect. i. 1). 

^ Tlie great value of mammalian remains for purposes of geological chronology has Ijceii 
well enforced by Professor Marsh, Address to the American Association for the Advancement 
ofSdeuce, 80th August 1877, Ainer. Journ. 8cL xiv. (1877), pp. 338-378; xlii. (1891), 
p. 336 ; vi. (1898), p. 483 ; Geol. Mag. 1898, j). 565. Dr. AV. T. Blaiiford points out that, 
la iome cases at least, fliiviatile mollusks have been more short-lived than terrestrial niam- 
mals, Address, GeoL Section, Brit. Assoc. 1884. 
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(c) Old soa-bottom.s are vividly brought helbiv us by bt'ds of uiariiu* .shellH 
and other organinniH. LayerH of water-worn gruvad ainl sand, with rolleil shells of 
littoral and in fra- littoral speeies, unniistakably mark tli<* position of a former shonsline. 
Deeper water ia indicated by liner muddy sediment, with relies of the fauna that prevails 
beneath the reach of waves and groiirnl-swell. Limestones full of <'oriilH, or made 
up of crinoids, point to the slow, continuous growth and decay of gem'ration aft«*r 
generation of organisms in clear sea- water. 

{(.1) Variations in the nature of the water, or of the H(‘a-bottom, may some- 
times be shown by changes in the size or shape, of the. organic remains. If, for <*xample, 
the fossils in tlic central and lower parts of a linicHtone are large and W(dl- formed, hut 
in the xipper laytu's l)ecomc dwarhal and distorted, we may renisonahly infer that the 
conditions for their continued existence at the hxiility must havnt laam gradually 
impaired. The. linal complete cessation of these* favourable eonditions is shown hy the 
replacement of limestone hy shahs indicative, of the water having become minhly, and hy 
the diHap])earance of the organisms, whicdi had shown their s(msitiv(!m‘Hs to the change 
(pp. 751), 757). 

{e) The proximity of land at the time when a fos.siliferouH stratum was in the 
course of accumulation may he snllieiently proved hy nn*re lithological characters, us has 
been already explaine.d ; but the conclusion may further strengthened by tin* cH*ciirrence 
of leaves, stems, and other fragments of t(aTeHtriai vegetation, with rimiains of insisds, 
birds, or terrestrial mammal.s, which, if found in soUie numbers in certain strata int(n’- 
calated among others containing murine organisms, would make it im probable that 
they had been drifted far from land (j). 5HB). 

(/) The existence of dilferent eonditions of climatt? in former geological period.n 
is .satisfactorily demonstrated from the testimony of fossils. Thus, an aHsemhlagc* of the 
remains of palms, gounls, ami melons, with hones of crocodihes, turtles,- and sea-snakcK, 
proves a suh-tropical climate to have |»revailed ovtu* the south of Kiigland in the ohhn* 
Tertiary agcfs (Book VL Part IVh i. ^ 1), On the other hand, the, extension 

of a cold or arctic climate far south into Kuropc during po.Ht-Tcrtiary time, can la*, 
shown from the existence of remains of arctic animalH, evim in the south of England 
and of Franc(^ (Book VI. Part V.). This is a use of fossils, however, where! great mution 
must be observed. Wo cannot allirm that, because a <!t!rtain species of a genus lives 
now in a warm part of the globe, every species of that genus must always havi! lived 
in similar circumstanceH. The well-known examples of tin* mammoth and woolly 
rhinooero.s that lived in tho cold north, while their modern representaitveH inhabit some 
of the warmest regions of the globe!, may be tmefully remembered m a warning against 
any such conclusion. When, Imwever, not om* fossil merely, hut tin! whole a-Hseritblage 
of fossils in a group of rocks, finds its moth'ru analogy in a eertiiiu general t;oudition 
of climate, we may, at least tentatively, infer that tin* same kind of climate prevfdle<i 
where that assemblage lived. Such an inference would become more and more uiwafe 
in lU’oportiou to the antiquity of the fossils, and their clivergence from existing forms. ^ 

As an illustration of the application of the evMence of fossils in the interpretation of 
ancient conditions of geography at ditferent geologuiai periods, refi’rence may Im mini«i 

^ Bee Neumayr, xlii. (1890), pp. 148, 175. Thin author specially <ievoted hImHelf 

to the study of ancient climates as indicated hy foNfiils. As an illUHtratlon of Idfi methodM 
his essay on the elimatic zone.s of .Jurassic and (Cetaceous time may be cited, IkmJmeh. Aknd. 

Wien, xlvii. (1883), and 1. (1885). On fossil plants in relatitm to e,llmfit,e see 4. I>. IJfMiker, 
Addres.s, Hrit. .1m. (1881), p. 727 ; iVor. Ihn/. ASoc. xxvi. (1877), p. 441 ; A. V, Beward, 
“Fossil plants as tests of Climate ’’-—the Bedgwick Prize Essay for 18112 ; and the olaborate 
essay ]jy Max Semper, “ Das PalUothcrmale Probhun, speeiell die klirnatisehen Verbid tiilsse 
des Eociin in Europa und hn Ik>Iarge))iet,” Z. Ik (L (L xlviii. ( 181)t>), pp, 261-84II, 1L’(1S99), 
pp. 185-206. Probably a wider and more precise ami crititud collation of the imltcorito- 
logical evidence is neede<l before satisfactory corftjlusions can be drawn from it. 
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more especially to the investigation of the various basins in which the Jurassic rocks of 
Europe were deposited. The positions of the seas and lands, and the variations of climate 
have been ascertained with sufficient definiteness to give us some conception of the 
physical geography of that part of the globe during early Mesozoic timed 

2. Geological Chronology. — A.ltliough absolute dates cannot 
be fixed in geological chronology, it is not difficult to determine the 
relative age of different strata. Eor this purpose the fundamental law 
is based on the “ order of superposition ” (pp. 657, 855) : in a series of 
stratified formations, the older underlie the younger. It is not needful 
that we should actually see the one lying below the other. If a continu- 
ous conformable succession of strata dips steadily in one direction, we 
know that those at the one end must underlie those at the other, 
because we can trace the whole series between them. Rare instances 
occur, where strata have been so folded by great terrestrial disturbance 
that the younger are made, to underlie the older. But this inversion 
can usually he made clear from other evidence. The true order of 
superposition is decisive of the relative ages of stratified rocks. 

The order of sequence having been determined, it is needful to find 
some means of identifying a particular formation elsewhere, when its 
stratigraphical relations may possibly not ’ be visible. At first, it might 
he thought that the mere external aspect and mineral characters of the 
rocks ought to be sufficient for this purpose. Undoubtedly these features 
may suffice within, the same limited region in which the order of sequence 
has already been determined. But as we recede from that region, they 
hecome more and more unreliable. That this must be the case will 
readily appear, if we reflect upon the conditions under which sedi- 
mentary accumulations have been formed. The markedly lenticular 
nature of these deposits has already been described (p. 651). At the 
present day, the sea-bottom presents here a bank of gravel, there a sheet 
of sand, elsewhere layers of mud, or of shells, or of organic 0020 , all of 
which are in course of deposit simultaneously, and will as a rule be 
found to shade oiF laterally into each other. The same diversity of con- 
temporaneous deposits has obtained from the earliest geological periods. 
Conglomerates, sandstones, shales, and limestones occur on all geological 
horizons, and replace each other even on the same platform. The Coal- 
measures of Pennsylvania are represented west of the Eocky Mountains 
by thousands of feet of massive marine limestones. The white Chalk of 
England lies on the same geological horizon with marls and clays in 
North Germany, with thick sandstones in Saxony, with massive limestones 
in the south of France. Mere mineral characters are thus quite unreliable, 
save within comparatively restricted areas. 

The solution of this problem was found, and was worked out for the 
Secondary rocks of England, by William Smith at the end of the 
eighteenth century. It is supplied by organic remains, and depends upon 
the law that the order of succession of plants and animals has been 
similar all over the world. According to the order of superposition, the 

1 See especially Nenmayr, Verh. &eol. MeichsmisL 1871, p. 54, Jahrd. Qeol. EeichscmsL 
xxviii. (1878), and Ms essay cited in the foi%g(>iiig note. 
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fossils found in any deposit must ])o oldei- than those in the deposit above, 
and younger than those in that ])clo\\-. dliis order, howevtn’, must 
bo first accurately determined by a, study of tins actual st i-at igraphy of 
the formations ; for, so far as regards organic struct lire or aflinities, there 
may be no (liscovera])le reason why a pai'ticular H])ecies should precede or 
follow another. Unless, for example, we knmv from observation that 
Rliynchandla 'phmrof/on. is a shell of the ( arboniferous LiTiiestone, and 
lUi/yndujiieU^ tdralinlra is a shell of the Lias, we could not, from inert* 
inspection of the fossils thcmselv(‘.s, pronounce as to their real geidogieal 
position.^ It is (juiti*- true that, by [iractice, a pala*ontologist has his eye 
so trained tliat he can make shrmvd infenmees as to the phyllogeny of 
extinct forms a,nd as to the actual horiztm of fossils which he may mivm* 
have seen befoi’e (a.nd this is mon*, espttcially true in r(‘gard to the mam 
malia,, as will he immediately adverted to), but to do this he slumid 
possess a wi<Ie experience of tluj ascertained ord(*r of app(‘aran{’e of 
fossils, as determined by the law of HUj)ei’position. For geological 
purj)OseH, therefore, and, indeiul, for all purpoH(?H of comparison hetw(*(‘n 
the faunas and floras of dilfenmt periods, it is absolutely ('ssiuitial, first of 
all, to have the order of supei’iiosition of strata, rigorously determiiu^d. 
ITnless this is dotui, the most fatal rni.slaki‘s may he ma.(h‘ in paheonto- 
logical chronology. But wlum it has onci^ bmm done in om*, typical 
district, the order thus established may he hehl as pro\'<ui for a wide 
region whore, from paucity of sections, of from gi!ologi<*aI disturhanct^, 
the true succession of formations cannot he satisfactorily fietermined. 

The order of superposition having b(U‘n ihdiU'mined in a great serii^s 
of stratified formations, it is found that th<^ fossils at the, bottom an*, not 
({uitc the Sfime as those at the top of the series. As we tra<'(* tfi<^ forma 
tions upward, wit discovm* that sp{‘cies after species of tlie lowest plat forms 
disappears, until perhaps not om^ of them is found. Witli tlie cessatitm 
of these older spcciits, others mak(5 tlutir entrance. These, in turn, ant 
found to die out and to he. n*plae(‘d })V newer forms. After |)atient exam 
ination of the rocks, it is ascitrtained that evmy wedhmarked formation 
is (listinguishahle by its own spitcies or gemera (charactiwistie fossils, 
rjeitfossilien) or by a general asHmnlilage or /ec/cs of organic hn-ms. This 
can only, of course, he (htterrnined by actual practical expetrienee over 
an area of sonui size. Idie characteristic fossils ai'e not id ways the most 
numerous ; they are those whicli occur most constantly and havc^ not }>c*en 
observed to extend their range above or below a fltdiniti^ geological horizon 
or platform. For the determination of geological chi’imology, as already 
pointed out, it may he affirmed as a general principle that tin*, higher and 
morc3 specialised the type of organism the morii local is its area in space 
and the more limiteil its range in time. Hence mammalfitn remains 

^ T\iq derivation of Home formn by deneeut from otliers miiy lx? inferred with tmm or 
loBB probability, and Kuch genetic aflinities may fnnd«b valuable HUggoMtiouH to tlt« pab**- 
ontologiBt. But tlmt tlie rink of erronciouM iitterpretation and fanciful de<luciioiA ill iioli 
matters is real ami Herioim wan wcdl Hbown in Urn disenmnion of the pri*«umed derivation of 
the OlonelUcliau trilobiten from the Parudoxidian formn, until it wan Aumn that' tli^ fcirwir 
were really the precursorn of tin* latter. * 
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have a special valiJ*^ in But Koint* irivert.(*Brat(‘ 

possess as lix'iti*^ stni.tigraphivai horizonn ; jlk, for (ixuinplc, 
the ammoiiitt'-'^ JiiraKHir ant! tin* ^ni]it.t)lit.t*H in tin* Silnrian Kysteni. 

As iliiwtwtl«aiH *<f i'li;ir4j't**fi'4 s<* of ,s<mij<' c»f thi* HubtlivisioiiH of' 

tliB (bwlo^noal lh«* tMilMwitijr iij;iy In* ^'ivi-u. ^/^•pi^i«HllaKlra luul Sif(illari;i* aro 

typp.|ii of Old Ib*<l 8:iiid 4*»ro iiis«| rarlnuiiffTnus ; f Jraptolito.s of thn Silurian 

systwii; 1 ’rilaldO‘H »*f |’«ls M/o-bMo» k * ftsun (’atiihrian to IVrtiiifiu, hut more, part icularly 
of the Ciuiihri.ui and Silunafs ; ( *yMt stli aiiH of tlia ahhu* Pahuo/oio, esptioially the 

Silurian, ruck I*' ■> l , pn* »'iiiiii«ui! ly of liowcr ( ’arhouihu’fnw roc.kn. Ortho- 

coratitcH arc juaiidv Taho/MC', ,oid AiufiiouitcH M«'.Ho/.oi«' ; Ichl hyosaura and PlcsioHauns, 
MeHo/.oic ; Niunsuulit^ I’lhuMf Ii« rinio, Aiio|ihuh('nujti, H}o|»t»tarnuH, and Antlinua)- 
tlierium hclun^ fu rdd«*r IVnmry, and KlcphaH, liyscna, (h«rvu«, and 

E([UUH to yoiijigti’ T* i?t n y and r*'*'*a4i fim**. Tin« oocurrcncc of ruudi uri^aniHiiiH in 
any rocik, at unr»* ^ I hr »t di%d d«*n of of.tdtjj^ical tiniu to wlihdi tdio rock 

ghoukl ho UBd^Uicd. 

The (iiHliiudivi* iif a Mysti*iii foriiiaditui, having Been aHCor- 

tained fiwu a hnllirifiitly^ prt4ong<‘tl and extfndtul expin’icniech hutvo to 
identify t.hat td r««'k^ in its pruoroHM aero.s.s a (unmtry. TIiuh, 

afi wc tnice a ft>rinati«*ii into frartn where it wunid hti intj'mHKildo to 
determine the true mder of Htipt'rpttHititni, tnving t(» the want of 
sectionn, tir to the dit^lnrlied iMinclition of the rocks, we can (unploy 
the typical fossils as a nieiiris of ideniilicat.iMn, ami sp(*ak with (jonfB 
(lence as to the Hnccf^sHioii of iln* rocks. \Xv may evioi denionHiraU^ that 
in Home nioiinlairsoiis ground, tlte stralrt have* Ihuui ttirmul eomphittdy 
upside down, if wi* ran sliow that tin* fossilH in what are tjow the vqipcr- 
inoHt layers oiiLdii properly to lie nndcrneal It those, iti t^ie, IkuIh Below 
them. 

Prolmijxed stud)* of iho sncr*e*4Hion organ ir ty pe.s in the, g(iologi(*jd 
|)ast till over tin* ivield, lia^ given paheontologists Horne eiiiifidfUKu} in 
fixing thf} relafiu* ag** of fosdh Belonging even to previously unknowtr 
spetdi^s or genera. aii«l ocrurring nndf'r idri-uruHtanres where, no orcle.r of 
superjrositiori lia^ h»'cn inad»' luif. IBir in>tarna% the general serpnuicc^ of 
liiammaliaij type*. Iriinig iiow h*'rn hv tin* law of Htiperposit.ion, 

the, horizon of a iiiafJimalifVrMii- depoHif may he apprf»\*inia,tely determi rnul 
hv tin* grade or d^Mfr*-*' *d «--v*dution demUed hy its iiiaintnah*a.n fossils, 
dims, Hliould rciiiaiiM Luoe’rieally atounlant. ditlering from those, now 
living, jutd prcHcuiimf imm' *4 fin* e\!reiri** nmt rar-d..-', which an* now found 
amoiig our liivln^r aiiiiiiah. they cniBrace iieit her t-rin*. ruminants, 

nor srdipedcH, lior prMlcrv*'idia}j% nor .ipus, might %vilj} high prolra- 

bility he n‘ferr«**l teflie Ihu-toe-' perhid/'- Ih^a-^ofung of tins kittd iiiust he 
based, howf'V#i% iifeui a %vidc haan of *n-ir|rf!e>% MCf'iijg fJiat, the pn^gresB 
of develo|wii*rit i>^%r espial in all rankn uf fine atiiinaJ world. 

* Cuijiiiilt flc’ lo- o t «4s s 'Vh 'Hid ■:«’#" till! idaitf ill 

tli(! Ifilll pii|#»'r, ii» vdoi'ls ih*- ;*h -Hn iu ih*' * i'‘;d lt«‘unrd of North 

Atimrica itif* Itr. .-ael Mr. W. Ik Muitht'W 

on !li« Ttrtkin’ t-di*“d » lU- <4 ..e.'s-,, ■% ^si.d thm- vriii-l*riitc hyinjiM. f‘,M|HTda11y 

tfi# &i«y, ** I I |,4soi4 sO' ’4 *di»‘ *iVrHs4ry of the Wimi/’ /UiiJ. 

A Mi ft Mli»t Ahk //itf. , Ni- .% lO-fJs. ii'. I |», oj. 

Oiiildry ' to 4 m Xh.od*- I \u 214. 
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Observations iniide over a lari^c part of th(i surtarc^ of tlui i^Iobr hav(* 
enabled geologists to divide th(‘. stratiiied ])art of the. earth s crust into 
systems, formations, and gi’ou|)s (p. HbO). I'luist* subdivisions art* 
frequently marked oil* from eatdi other by lithological chai'acttu’s. I bit, 
as already remarked, m(*a*e lithological diHerciHais allord at tlu^ lH*st but 
a limited and local ground of separation, d'wo inasst's of sandsUuu*, 
for example, having exactly t-he sanui gtuuu'a,! (^xt(u*nal and intc‘rnal 
characters, may ])elong to v(‘,ry dilicrimt gc.ologica] ptu'iods. On the 
other hand, a, sei'ies of lim(\ston(‘.s in one locality may Ik*, tin* c*xact 
chronological etjuivalent of a set of sandstones and conglonu*ratc.s at 
another, and of a sorites of shales an<l clays at a third. 

Some clue is acutordingly needtMl, wliich will permit the divisions of 
the stratified I’ocks to he grouped and compared chronologically. I’his 
foi'fcunately is well Huppli(i(l by tlnur characteristir; fossils. Kardi forma, 
tion being distirigui.s]i<*,d by its ()wn assetnblagc*, of organic, r-emains, it 
can bo followed and r’cicognised even amid th(u*rumplings and dislocations 
of a distur-be<l region. Tin*, same general .sruKajssion of orgariie t 3 qK*.s has 
Irecii o])serv(;d over a large*, part of the world, though, of course, with 
important modifications in difhu'cnt countries. 

It is evident that, in this way, a nndhod of comparison is ftinuslied 
whorclry the stratified groups of diflei'cnt parts <^f the earth s crust can 
])e brought into relation with (inch otlujr. Wo find, for example, that 
a certain grouj) of sti-ata is charactririscKl in Ihitain hy certain genc‘ra 
and species of corals, braclno|M>ds, lamollibrnnclm, gaHteropodH, and 
cephalopocls. A gi’oup of rocks in Bohemia, difliulng morij m* less from 
the British typ(i in lithological aspcjct, contains on the wholes the saiue 
genera, and some oven of tlu} some species. In Scandinavia, a sest of l>edH 
may 1)0 seen, unlike perhaps in external (diaractei’s t(» the British typ(*, but 
yielding many of the same fossils. In (Jana.(la and parts <»f tln^ nortlnu-n 
United States, other rocks enclose some of tin* sann*, and of closely allied 
genera and species. All these groups of strata, hav ing th(! same general 
facies of organic remains, an*, regardesd tm ]K‘Ionging to the*, same great 
period in the history of life upon tlie globe, and an* said to be* ‘‘gcadcgically 
contemporaneous^’ The term “homotaxis” was proposed !)y Huxl(‘y ^ to 
'express the idea that the general Ke(pieiice of life had been thci same in 
each region, without inqdying that the sanni stage c^f dcnelopimnit was 
everywhere synchronous. He thought that a, definite stage like that, of 
the Devonian in one country might liave been co(Jval with another stage, 
say the Silurian, in another country, and witli the Carboniferous in a tliirtl. 
This extreme position few geologists were disposed to accept. I'he hu 1> 
sequent progress of investigation has tended to confirm tlie olde,r bediei, 
that each gr*eat geological period was, in the l)road(ist.sen8cj,contemporan(*<)U.H 
over the globe, though it tnight l)egin earlier or end later in <)ne region 
than in another. The various faunas are never inverted, but always 
follow the siimc order of succession all over the world. 

On any theory of tlie origin of species, the spread of a 8|Ka;ie8, still 
more of any group of species, to a vast disUnce from tlie original centre 
^ Q. J. G. K xviii. (1862), p. xl?i. 
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of dispurniofi, di ivikivh have been extremely .slow. It <{oul»tl(;ss 
occupied h(> a time as to allow of vast changes in physi(tal 

gcographr. A .^peeies may have ilisappeared froiji its prime, val hirfch 
place, while it roiiliiiiieil to tloiirish in one. or more diiau-tions along its 
outward eirele of aihaiiee. l*he date «d the first appearaiua* and final 
extinction of tliaf ^peeitj^ woidd thus ditler widtdy, according to the 
locality at miiieh we iidglit exaniine^itH remains. K(?v(u’thi‘IeHs, (niormous 
though the lapse of time inUHt fiave Keen to allow a species, a ge.iiuH, or a 
fauna to heisuw* world wide in dist rihutiou, it must have been vastly 
less than ilml during wlih li the fauna flourished and un(lerwe,nt the slow 
biological evolutioii reprcMeuiod hy a singl«» geological foniiation, with its 
succesaiornd life Whih* the grand march of life, in its progress 
from lower Uj higteu' forms, has he.«m broadly alike and in a vague Hense 
simultarieoufl tii all tpmrters of the ghdie, its rate, of {ulvaneo has not 
everywhere been tin* saimo It has m<wu»d uinspially over the same 
region. A eerlain HUige of progress may have*, been reached in one 
quarter of the globe inaiiV tliousamiH cif years before it was reaehod in 
another; tlHUigh the sane* genend sturccHHion of organic ty[)(^s nuiy l)e 
found in each region, d'horc sceriiH t(» be riow mdlicfient evidence, for 
example, to wnmiit llie assertion that tin* progress of t(*rrostrial vegeta- 
tion has at some giadogieal pcritidn ami in some regions, }>een in advance 
of that of the marims fauna (set* p. h |H). Hence arise anoxnaliris in the 
attem{>tB to grcujp tli*! geidogical fiannationH of distant countries in con- 
formity with European stiiiidards. As Dr. Dlanford has well rrunarked, 
‘Hn instanceH of wiiifliciing cvid«‘iiee IwUwcnui tiu’restrial or freshwater 
faunas and fh»ra« on flic «ine niiie, and marine faunas rui thes otlnsr, the 
geological age indh'aled by ihc la!ter is probably corn‘et, Ihuuuihc tlui con- 
todictions which prevail between the i*viderice afforded by succa^Hsivo 
terrestrial ariil frediwater le-d^ ;ire unknown in marine dtiposits ; }as%'uis<*, 
the HUcccHsion of forre-iiiid anituals and [dant.^ in time has fa-cn dillciamt 
frrnn tin* .*^i|(’ec*ooii of inuriiir life ; and bi’causj^ in all past, tinH‘s tluj 
differences heUvrrrj lb** faunae of distant lands have prohaldy hetui, as 
they now arc, va4ly ureater flian ilie dit!hn*ne«'H hetAviam tlm animals 
aiul plants iidiaffitiiig fJie dith-rimi ^ea^^ arnf oeeans/' ^ 

i (Jcograpli jeal f d I’lfoi t ioii of PlaiiiH and Animals. ■As 

the [datrls and aiiiiiiaD iio« liv ing on iho surface of the ghda* are, the*. 
descendantH of ilia! fhcnj-desl iij earlier p«irifals, it is <d)viou.s that 

in iirder to iiiider-taiid iiow ifioy have come to be distrilmted as wc now 

^ t« l<t'* lOo 4M^-f .U »4' t|is^ A^ofK'ialion at t}H‘. 

MoiiUed Ai-,3< I. Ur*' |.i Ur, HtoifVinl Hoint* 

exmnplr-^ >f!' thr ”4ar343--n' j.-s -.u, 4-., . o, * Ui-ttaai l»y acafis of 

Iaa*i Eififl fii’4ov:Cr! 4?44 I'tv, |»43ia3.<l>4 an he |iniulM omi, r-oataia 

a tloni with .to.-tis.'ie In.a Oi* tlir ^v^aiviaK I'aitchet Uc'Ih in rather 

TriaMia o! rvrti JVfiai'aK serJ farne4iol hy tla^ taiwer (hath 

lawi'^noo at m-ia-'h la he of Jorfowii' tyjais 

werts fefiiai ia fit*- ttAli iiii4o2iho-4 rarl.'onih'reiia Limiotmai marina 
arpiti'iiici h*:, h Tliia aiilhor retfimwi to the «u}>» 

ject in W'U |»r»' Im ih# ih^Njo^ral S*w?i*3iy, y, J, (*\ X. xlv. (iWO), p. 72 ; 
XlvL (1890|, |l. Ihl. !hr lloOl, li*»^lk VL Part IP iv. 
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find them, we must know something of their an(u‘Htrv ^tnd of tlnhr own 
history. Their derivation from other ty{H‘.s of life, that preceded tlnmi 
forms part of a vast su])ject which helon^s rather t.o hioiogy timii to 
geology, l)ut to whicli soim^ brief allusion will be made in tlui next scn^t ion 
of this Book (p- 845). The ])ast history of the. speei(‘H and genera of 
living floras and faunas is enibraeed, however, within the province of 
the geologist in so far a.s it is from tin*. (5vid<me(^ which lu*. c;in collect 
that our knowle<lge is dei’ivcal of the caus(;s that- hav(‘ contributed to the? 
present disti-i])ution of |)lants a.nd animaJs. This evidema*. is drawri pavtly 
from the deposits in which t}i(‘. nunains of living speahes ha.V(i beim 
preserved, and partly from a (;onsideration of the, changes (4* gtstgraphy 
and climatii which can b{‘. asc,(‘rtairjed to have takitn plac.ti in late geological 
time. An early a.nd classical (example, of tluj applicjation of g(*ological 
inv(iStigation to the history of tlui flora and fauna of a country was the 
remai*ka,])l(i (issay hy Edward Forlx^s on tln^ origin of thoH(‘ of i Britain.* 
Arranging tluj vc^gritation of tluesc^ islands into fiv(^ separate tioras, In^ 
traced out the g(U)gi'aphi(%'il (jonniattion of (‘a(di, and Hhow(‘d tin* orchu’ 
in which, as he Ixdieved, tln^y had smtctissively appt*aj'(*d. Tln^ old(‘Ht 
point(j(l, in his opinion, to a formm* lambcjonmafiion b(4.W(*(*n tin* w«*Ht, and 
south“W(}st of ,Ir<;land and the north of Spain. Tin*. s(‘eornI showed an 
amneut [U'ohmgation of the south-W(*st of England and sontlneast of 
Irohuid aca’oss the (dianmd Isles into Eraiici*. The third connectUal tin* 
(jlialk Downs of tJni Houth-(iast of England with those of riorthern 
Eramue Tin; fourth, njstrieted to the higher hills and mountains, 
was shown to ])e Semndinavian in (diaract(;r, and to have*, .spr(*ad ov(*r tin* 
country during tin; time wdnm an Arctic climate pre.vaih*d in mulhern 
and central Europe. Tin; fifth or gencu’al flora was recognis(‘d as iihmtieal 
with that of c.euti'ul and w(‘steni Europe, and t.o ha,vc; come into Britain 
as the latest plant migration of the whole. Tln;H(; early arnl Hugg(*stiv(‘ 
generalisations of Forbes have*. })iH*.n modifi(*d and (;xieiid(*d by later 
rusciarch, but his luminous essay ought still to Is* read by (‘V(‘rv student 
wlio desires to oldaiu a broad and vivid coticepti(m of tin; way in whic'h 
geologieid history may Im made; to interpret tin; distribution of tin* 
prc;sent ]>lant and animal life, of tin; (tarth’s surfacji*.- 

The |)rof()und gtiologiiail intcirest of the pn;sent geograph i(‘al distribu- 
tion of ])lant8 and animals has beem indi(;at(;d in some; of tlie most 
imporhrnt contiibutions to geologi<;al literature. Thus tin; Bul»jc('t was 
luminously treated by Darwin in (diapters xii. and xiii. cd bis ‘ Origin of 
Species,^ and by Lyell in chapter.s xxxviii. to xli. of his * Principles of 
Oeology.’ It has been ably (liscussed by Mr. A. It. Wallace in in's 

^ “Oa the Connexion between the Distribution of the exi.Htin*^ Fmma iiu<i Flotm of tlie 
Ikitinh IbIcj-s and the (teological changeH which haves atfe,ete«l their area, eBpiifialiy during 
the (;i>o(;h of the Northern Drift." J/oa. (U'ol, Sun\ i. (1810), |»|>. ,*Cjfb4d2. 

“ The Btudent, after Htudying thin memoir, may with advantage 4tn'n to tlie little voltimtt 
by Mr. Clement liekl, ‘The Origin of the Britinh Flora,’ London, wliere lie will llnd 

the .subject dincusHed in tlie light of the vast amount of geological work that has done 
Bince the pioneer work of Edward Forbes, wliose gcsrasraliHiitions were iiecsessarily im|«jrfect 
and in some respects erroneous. 
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works on the ^Geographical Distribution of Animals^ (2 vols. 1876) 
and on ' Island Life ’ (1880).^ 

4. Iiaperf ection of the Geological Record/*^ — Since the 
statement was made Darwin, geologists have more fully recognised 
that the history of life has been very imperfectly chronicled in the stratified 
parts of the earth’s crust. Apart from the fact that, even under the most 
favourable conditions, only a small proportion of the total flora and fauna 
of any period’ would he preserved in the fossil state, enormous gaps occur 
where, from non-deposit of strata, no record has heen preserved at all. It 
is as if whole chapters and hooks were missing from a historical work. 
But even where the record may originally have been tolerably full, power- 
ful dislocations have often thrown considerable portions of it out of sight. 
Sometimes extensive metamorphism. has so affected the rocks that their 
original characters, including their organic contents, have heen destroyed. 
Oftenest of all, denudation has come into play, and vast masses of strata 
have been entirely worn away, as is shown not only by the erosion of 
existing land-surfaces, hut by the abundant unconformabilities in the 
structure of the earth’s crust (p. 880). 

While the mere fact that one series of rocks lies unconformably on 
the denuded surface of another, proves the lapse of an interval between 
them, the relative length of this interval may sometimes he demonstrated 
by means of fossil evidence, and by this alone. Let us suppose, for 
example, that a certain group of formations has been disturbed, upraised, 
denuded, and covered unconformably by a second group. In lithological 
characters, the two may closely resemble each other, and there may he 
nothing to show that the gap represented by their unconformability is 
of an important character. In many cases, indeed, it would he quite 
impossible to pronounce any well-grounded judgment as to the length 
of interval, even measured by the vague relative standards of geological 
chronology. But if each group contains a ivell-pre served suite of organic 
remains, it may not only be possible, hut easy, to say how much of the 
known geological record has been left out between the two sets of 
formations. By comparing the fossils with those obtained from regions 
where the geological record is more complete, it may be ascertained, 
perhaps, that the lower rocks belong to a certain platform or stage in 
geological history which, for our present purpose, we may call I), and 
that the upper rocks can, in like manner, be paralleled with stage H. It 
would be then apparent that, at this locality, the chronicles of three great 
geological periods, E, F, and G, were wanting, which are elsewhere found to 
be intercalated between D and H. The lapse of time i*epresentecl l)y this 
unconformability would thus be equivalent to that required for the accumu- 
lation of the three missing series in those regions where, sedimentation 
having heen more continuous, the record of them has heen preserved. 

^ Among tile treatises in which this subject is dealt with reference may again, be made 
to those of Professor Gandry, cited on p. 824. The Iii.story of the fauna of Enrojm has 
been ably investigated by Dr. E. F. Scharlf (Proc. Hoy. Irish Amd. 1897, pp. 427-514, and 
his separate volume on ‘The History of the European Fauna,’ 1899). 

^ See p. 855. 
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But fossil ( 3 vidoiiC(i may bo made to prox'o t.ho (ixistenco of gaps wliich 
are not otherwise a]>par(iiit. As has Ixuni already reniai’ked, changers in 
organic forms have pro])ably been, on the wlioh^, extreirn^Iy slow in flnj 
geological past. The M'hole species of a sea-floor eonld not pass entirely 
away, and l)e replaced ]>y other fornis, without the lapH(; of long |)eriods 
of time. If, then, among tfie conformable stratified (b^posits of formin’ 
ages, Ave encounter ala’Upt and important ehangi's in tlie facies of the 
fossils, we may he certain that thesi*. must mark omi.ssif>ns in the. record, 
which we may hope to fill in from a mori*. perfect sin-ies (dsewhin’e. Th(‘ 
striking paheontological contrasts betwinm uneonformable strata arii 
sufficiently ex|)lical»Ie. It is not so enay to give a satisfactory account of 
those which occur Avhere the strata are strictly conformal>Ie, and wluu’e 
no evidence can be observed of any considerable (diange of physical con 
ditions at the time of deposit. A grouj) of ijuite conformable strata, 
having the same general lithological characters throughout, may l>e. 
marked l)y a great discrepance betweim tliii fossils of the tp^per and the 
lower part. A few species may pass from the, one into the other, or 
perhaps every species may be different. In eases of this kind, whim 
proved to be not merely local but piu’sistent oviu’ (iimsidm’able areas, wi* 
must admit, notwithstanding the appairently undisturbi^il and continnoUH 
character of the original deposition of th(‘, strata, that th(‘, abrupt transi- 
tion from the one faeies of fo.ssils to th(‘, other represents a long intcu’val 
of time whiidi has not been reconhsl by the, d(‘posit of strata. Sir A. iX 
Kamsay, who called attention to tlnmi^ gf^-p*^ tc'rmed iliem ‘‘bn‘akH in the*, 
succession of organic remains.’^ * They occur abundantly among the 
European 1/ala‘ozoic and Secondary rocks, which, hy means of tiiem, can 
be 8e])arated into xoties and sections (see /w.s7cig p. 8G0). But though 
traceable over wide regions, they were probably not general over thes 
whole globe. So far as g(3ological evidence can show, tluu'c^ have rieviii* 
been any universal interruptions in the continuity of the <;hain of being. 
The breaks or apparent interruptions no doubt exist only in the seili™ 
mentary record, and may have ))een produced hy gei^logical agmiciem of 
various kinds, such as cessation of deposit from failure of seiiiment owing 
to seasonal or other changes ; alteration in th(5 nature of the seilimmit 
or character of the water; variations of climatf^ from whatever cause; 
elevation or subsidence by sTibterrancMin movements, }»ringing HUcc!esHi\*e 
submarine zones into less favourable conditions of tcmiperaturcs, Ac. ; 
and volcanic discharges. The physical revolutions, which brought about 
the breaks, were no doubt sometimes gtuieral over a wliole zoological 
province, more frequently over a minor region, Tims, at the ckme of the 
Triassic period the inland basins of central, southcn’ri, and western Europe 
were effaced, and another and different geographical phase was iritrodticed 
which permitted the spread of the peculiar kuna of thc$ Avicula contortii 
zone’' from the south of Sweden to the plains of Lomhardy, and from the 
north of Ireland to the eastern end of the Al|>s. This phase in turn dis- 
appeared to make way for the Lias with its numerous “zones,” each 
distinguished by the maximum development of one or more species of 
^ Q. J. (L K xix. XX. Presidential Addresfies. 
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auHuomti‘.‘ i^ritj^riipliicai iwcilutions niUHt, in ii];ui\^ 

easBS, liavu iIhm'oihiiIh ♦* r x! iiictiuii of ^riient and spcMnd^.s ])<is.s(\ss~ 

i^|f * 1 , giiudl g«‘o; 4 ra|ilu*'al .\%‘va‘i1:iH‘lc*HR, if. niUHt lie ;u hiiitl<‘(l lha,t 

in many wlirn* !iavi* a wit!(‘ i^ao^niphitail csxtoii^ 

^ioi^ Imt a litiiit»*d i^raplnriti raii*^4‘, hmcIi an the. of Siliiriafi 

graptfjlitt*^^ .'ia«l diiniMif* ;uiijiiointo.s tn* .satisifaoltjrj evidoiKa; lia.s Ihmjii 
adduced to t tlir •‘hiiiiLr<* of Hp(»{‘ies %vith |^n»ogra])hica! revolulioii.s. 

Tlierc iiuiy he Monir l*iol«»gical law mtt yet percei Vi.al, wliicdi has goverauHl 
Biich orgstiiie 

It is ahiiiidaiil ly » loar, howovor, tluit the geologica .1 c(‘c*i>r(l, as if now 
exists, is at flic hont Init an iiujierfort oliroid(df‘ of goologieal history, in 
no coimtry d roiy|»|i*t«*. Tho laeuiia* of one region mny' la*. HUj)|)li(nl 
from another; yet in proportioii t(i the geogi-ipfiical la*tvveeii the 

localities where tlie oecttr and tho.se u* lienee, the inissing intervals 

arc supplied, t he rlernenf of ufUMjr’tnirity in oiir neiding of the. n^eord is 
increawjd. Tlie iich! dt'sirahh* method (#f re.searidi in to (ixliaiiKt the 
evidence for curb an’a «ir prfiviiiee, and to compare, tin* gernov'd order of 
its gnecoHsiou iis a whole, with that, which can ,he e.MtahliHliml foi* other 
provinces. It i«* tlnncffn’c, (»iily after long suid jaititnit olmerviition and 
comparmon that the geo}ogi*’al luHiory of difleruiit qiiarterH of tins globe 
can h(‘. (!orrelat.edd' 

5. Suhdi viiioit H of tin* (oMdogical Keaojrd hy' innanH of 
Fossils.— evideneo furnishes a innc'h more Hat-iHfa.et.ory and 
whhdy appiic^ihli* of Hithdividiiig t In* .stratified rock.s of the*, oarth’H 

emst f hail iiicn* lit holt igif-al eharaiittrs, it in niatlc tln^ hasiH of tln^ geo- 
logical clavKifir'afioii of them* roeks. lints, a pfirticiilar J'.orie or group of 
strata may he ;oci‘il:iifietl to be marked \py the ficcurrenre in it of various 
fo.ssilh, out' oi‘ ne*i*- t<f wbifh may h#* dint iiicf i\'e, either from oeetirring in 
no oilier /.one or 1 * 00111 , or fn»tii Mpceial ahiiiifianei* in tljat /otu!. Tlunsc, 
HpedeH may , t he'r«*h<r*’, he jc^e«i as a guide to tin- oecoirreneto d the* zoin* in 
(|Uestioii, wiiirlj iii.tv h»' ealleil byMhe naiiM* of tin* iiiust,. al iuik hint, spcs/ics. 
In this way. a r»'<d*.cd*'al hori/nii or /one i-^ tnarke«l off, and gtadogists 
tliereaftcr reo iV'= po-^itifUi in the ge# ii-al series.-' Ihil beforicsiudi 

a g(mendiHatie»n e.4ii f-4fvh made, we hhimi sure that the Hpci'ies in 
(|Uoi4tion really jew«--r r |iaraff**ri-c any nt her plalforni. I'his evi- 

dently deiirijid'^ irrh' e^penmier # ii i-'F an eviciided field of olmcrvaljlm, 
The ilaC a part -i«-siirir -^^peric^ or gemiH ftccurs only on one 

horizon, or ^jlliin r*a'f.aii# n m ode st ly rest on iiegiiiivc evkhuna*. 

as iiiiirdi ell jrcaiive, I'lie |iaL'e*»if|fdogi.Ht wiio ni;i.keH it raittiol nienti 
tiiorc than ihtt he know- tht* .Hp-rieH- «tr gemiH to lit* fin that Imri/tni, or 

jjii'OwU I '^4' ili‘* !al«‘ I*rofeHf4or 

Xrilftoyr, py }, *-55 

F/ir IIIJ » nl VI;*” lc#ie ||ie ii} .4»a’y »>f the W»rinu?'i 

pptvioo 1 #»f ! -n ht 5l«e^ 4ari«t>.t 4U aiire'ifi 

Ket! the Oy I*? ||y.nC «!' O tieiWIi mI' llie lrftet;i of l‘hirfjre, 

ili hi. IliP r,f IIj* rlo|». tv, 

Tbi« tailli- ii4 1 lie ifilowhe |iiit'l «iif Bortk VI,, v/lii"lt inaii-s 

of 8tratifrii|4ii*-il i a . 
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within those limits, and that, so far as his own experience and that of 
others goes, it has never been met with beyond the limits assigned to it. 
But a single instance of the occurrence of the fossil in a different zone 
would greatly damage the value of his generalisation, and a few such 
eases would demolish it altogether. The genus Arethusina, for example, 
had long been known as a characteristic trilobite of the lower zones of the 
third or highest fauna of the Bohemian Silurian basin. So abundant is 
one species {A. KoiiimJci) that Barrande collected more than 6000 
specimens of it, generally in good preservation. But no trace of it 
had been met with towards the upper limit of the Silurian fauna. 
Eventually, however, a single specimen of a species so nearly identical 
as to be readily pronounced the same was disinterred from the upper 
Devonian rocks of Westphalia — a horizon separated from the upper limit 
of the genus in Bohemia by at least half of the vertical height of the 
Upper Silurian and by the whole of the Lower and Middle Devonian 
rock-groups.^ Such an example showed the danger of founding too much 
on negative data. To establish a geological horizon on limited fossil 
evidence, and then to assume the identity of all strata containing the 
same fossils, is to reason in a circle, and to introduce utter confusion into 
our interpretation of the geological record. The first and fundamental 
point is to determine accurately the superposition of the strata. Until 
this is done, detailed palaeontological classification may prove to be 
worthless. 

From what has been above advanced, it must be evident that, even if 
the several groups in a series or system of rocks in any district or country 
have been found susceptible of minute subdivision by means of their 
characteristic fossils, and if, after the lapse of many years, no discovery 
has occurred to alter the established order of succession of these fossils, 
nevertheless the subdivisions may only hold good for the region in which 
they have been made. .They must not be assumed to be strictly applic- 
able everywhere. Advancing into another district or country, where the 
petrographical characters of the same formation or system indicate that 
the original conditions of dep)Osit must have been very different, we ought 
to be prepared to find a greater or less departure from the first observed, 
or what we unconsciously and not unnaturally come to look upon as the 
normal, order of organic succession. There can be no doubt that the 
appearance of new organic forms in any locality has been in large measure 
connected with such physical changes as are indicated by diversities of 
sedimentary materials and arrangements. The Upper Silurian stages, for 
example, as studied by Murchison in Shropshire and the adjacent counties, 
present a clear sequence of strata well defined by characteristic fossils. 
But within a distance of sixty miles, it becomes impossible to establish all 
these subdivisions by similar fossil evidence. Again, in Bohemia and in 
Eussia we meet with still greater departures from the order of appear- 
ance in the original Silurian area, some of the most characteristic Upper 
Silurian organisms being there found beneath strata replete with records 
of Lower Silurian life. Nevertheless, the general succession of life from 
^ Barrande, ‘Reapparition du genre Arethusina,’ Prague, 1868. 
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Lower to Upper Silurian types remgtins distinctly traceable. Still more 
startling are the anomalies, already referred to, where the succession of 
terrestrial organisms in distant regions is compared with that of the 
associated marine forms ; as where, in Australia, a flora, with what had 
heen regarded as Jurassic affinities, was contemporaneous with a Carbon- 
iferous fauna. Such facts warn us against the danger of being led astray 
hy an artificial precision of palaeontological detail. Even where the 
palseontological sequence is best established, it rests, probably in most 
cases, not merely upon the actual chronological succession of organic forms, 
hut also, far more than is usually imagined, upon original accidental dif- 
ferences of local physical conditions. As these conditions have constantly 
varied from region to region, it must comparatively seldom happen that 
the same minute palaeontological subdivisions, so important and instructive 
ill themselves, can he identified and paralleled, except over comparatively 
limited geographical areas. The remarkable “ zones of the Lias, for 
instance, in central and western Europe, cease to be traceable as we 
recede from their original geographical province. 

§ V. Bearing* of Palseontologieal data upon Evolution. — Since 
the researches of William Smith at the end of last century, it has been 
well understood that the stratified portion of the earth’s crust contains a 
suite of organic remains in which a gradual progression can lie traced, 
from simple forms of invertebrate life among the older rocks to the 
most highly differentiated mammalia of the present time. Until the 
appearance of Darwin’s ‘ Origin of Species ’in 1859, the significance of 
this progression, and its connection with the biological relations of exist- 
ing faunas and floras were only dimly perceived, though Lamarck had 
proposed a theory of development, in support of which appeals had heen 
made to the organic succession revealed by the geological record. 
Darwin, arguing that, instead of being fixed or but slightly alterable 
forms, species might be derived from others, showed that processes were 
at work, whereby it was conceivable that the whole of the existing 
animal and vegetable worlds might have descended from, at most, a very 
few original forms. From a large array of fircts, drawn from observations 
made upon domestic plants and animals, he inferred that, from time to 
time, slight peculiarities due to differences of climate, Ac., appear in the 
offspring which were not present in the parent, that these peculiarities 
may be transmitted to succeeding generations, especially where from 
their nature they are useful in enabling their possessors to maintain 
themselves in the general struggle for life. Hence varieties, at first 
arising from accidental circumstances, may become permanent, while the 
original form from which they sprang, being less well adapted to hold its 
own, perishes. Yarieties become species, and specific differences pass in 
a similar way into generic. The naost successful forms are, by a process 
of ‘‘natural selection,'’ made to overcome and survive those that are less 
fortunate, the “survival of the fittest'’ being the general law of nature. 
The present varied life of the globe may thus, according to Darwin, l;>e 
explained by the continued accumulation, perpetuation, and increase of 
differences in the evolution of plants and animals during the whole of 
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geological time. Hence the geological record Hlioiild contairi a more or 
less full chronicle of the jn-ogress of this long history of devidopment. 

It is now well known that in the endiryonie development of animals, 
there are traces of a progress from lower or more geiieralised to higher 
or more s|)ccialised tyi)es. Since Darwin’s grtnit wta-k appeared, 
naturalists have devoted a vast amount of researrh to this suhjetet, and 
have sought with ])erHevering enthusiasm for any indi(?ations of a !’(dation 
})etween the order of ap])earance of organi{' forms in time and in 
embryonic development, and for evidenee that sjHKiies and gem*ra of 
])lants and animals liavc come into existence in the oi*der which, aceordiiig 
to the theory of evolution, might have hcen anticipated. 

It inust li(i conceded that, c)n the whole, the, testimmiy of the, roeks in in hivour of 
the do(',trine of evolution. That tioTe. are, (iifIicultie.H still inu'Xjdained, nitist he frankly 
granted. Darwin strongly insisted, and with obvious justice, on the iniperfeetion of 
the geological ree.oril, as one great source of tlu'se <lifneultieH. Ohjectiruis to the 
devolopiiient theory havi^ hc(oi drawn from the obHcrvtsl order f)f sucf'ession of plants, 
and tlie suppoHcd ahsene.e of transitional forni.s among them. F(?rnM, cjpuhctimjH, 

. and ly(!Oi)od.s, it. is aflinned, appear as far hack as the Old Ited SamlMtone, not in 
simjdo or mon^ gcneraliHed, but in mort* e.oinple,\' Htnndnres than their living representa- 
tives. The oarlioBt known conifers were wtdl-dtweloped trees, with woody siruetnre 
and fruits as highly differentiate-cl as those of the living types. Tin* oldest dicoty- 
ledons y(3t found, tho.se of the (’retaccoiw formations, contain represtiiitativeH of the 
three, gr(;at divisions <jf A/idafa;, ami PvlyjHiHlti' in the same deposit. 

Those *‘aro not generalised types, hut (lifrerentiat(*d forms which, fluring the interven- 
ing epochs, have ntd dcvulop(?d even into higher generic gnuips. ” ^ 

Ih’ofesHor A. Agassiy- has drawn att.eution to the paralhdism between 1 ‘mhryonit; 
development and pabeontological hi.story. Taking tln^ sea-urfdans as an illustriitivf* 
group, he points out the, interesting analogies betw«*en tins immature. coinlitionH of 
living fonn-s and the appearanee of eorresjwmding phases in fossil genera. He aflmits, 
however, that no early type has yet been discoverefl wheinse star-fmheH, Hea-nrehins, or 
ophiurauH might havfs sprung ; that the several orders of fudunoderinH appear at the 
same time iu the geological record, and that it is im|K»ssihle to trace anything like a 
sequence of genera or direct filiation iu tinj paheouUdogh al suceesshm of tht^ eclunids, 
though he does not at all dispute the validity of the theory which r<?gank tlie presmit 
echinids as having come, dowm in direct succeaHion from those of older gefilogical times. 
In the case of the numerous genera whUdi liav«i continufHl to exist wit hout interruption 
from early geological ]>e4-iodH, and have been tfTined “persistent ty|H!s,''' it is impossible 
not to admit that the existing forms are the direct descfunlantM of thosfj of hirmer ages. 
If, then, some genera have uiic|Ue,stionahly been contimimis, the evolutionist iirguen, it 
^ may reasonably be inferred that continuity has been the law, and that even when.! the 

successivo steps of the change (cannot he traced, twffry genus of the living w’orld is 
genetically related to other genera now f,*xtinct. 

Professor A. Hyatt, who has closely studied the (kjfdmlopodiA, regards tlicim as 
funiishirig clear evidems} of evolution. Returning to some of the hlcas of Iiiimiirck on 
development, lie concludes that “ the edforts of the firtlioceratite to adapt itsfdf fully to 
tlie r(‘quirem(jntH of a mixed Iiahitat, gave the world the Kimtiloidca ; the elforts of the 

' \V. Carriithcrs, trW. May. 187d, p. Further study, however, lian shown tlie 

existence of curly generalised types Hindi a,H the (UmMUwmp. whic.li miitis some of the 
characters of eonilers, cycads, and fern.s. 

- Ann. May. Nat. Uld. Nov. 1880, p. 8(59. “Report on Eehinoidca/' Vhalienyer Ex- 
pedition, iii. p. 19. The phyllogeny of the Hriiptolites was treated of hy the late lh*ofcsior 
H. A. Nicholson and J. Marr, Ofid. May. 1895, p, 529. 
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same type to become completely a littoral crawler, developed tlie Aminonoidea.” He 
tbiiiks that, on the whole, the observed siicession of the organisms in time coincides 
with what on the theory of evolution it ought to have been. “ The straight cones pre- 
dominate in Silurian and earlier periods, while the loosely coiled are nuicli less numer- 
ous, and the close -coiled and involute, though present, are extremely rare.” He 
believes that traces of this succession may be found in the structure of the shells them- 
selves. The nautilus, in its embryological development and subsequent growth, passes 
through the stages of the nearly or quite straight shell, then of a slightly curved shell, 
and then of a completely curved shell, the spiral being continued till sometimes the 
inner whorls are entirely enveloped in. the outerd 

Neumayr, from a prolonged study of European Jurassic and Cretaceous cephalo- 
pods, concluded that “propagation, filiation, and migration are sufficient to explain 
the origin of the whole Jurassic Ammonite and Belemnite fauna of central Europe. 
There is nothing to warrant the supposition of any new creation, but all the known 
facts are in harmony with the theory of descent,” 

Anaong the fossil mammalia many indications have been pointed out of an evolution, 
of structure. Of these, one of the best known and most striking is the genealogy of the 
horse, as worked out hy Professor 0. C. Marsh. ^ The original, and as yet undiscovered, 
ancestor of our modern horse had five toes on each foot. In the oldest known equine 
type (Eohippus — an animal about the size of a fox, belonging to the eaidy part of the 
Eocene period) there were four well-developed toes, with the rudiment of a liftli, on 
each fore-foot, and three on each hind-foot. In a later part of the same geological 
period appeared the Orohippus, a creature of about the same size, but with only four 
toes in front and three behind. Traced upwards into younger divisions of the Tertiary 
series, the size of the aniinal increases, hut the number of digits diminishes, until we 
reach the modern Eqiius, with its single toe and rudimentary splint-bones. 

Another remarkable example, that of the camels, was cited by Professor E. D. Cope. 
The succession of genera is seen in the same parts of the skeleton as in the case of the 
horse. The metatarsal and metacarpal bones are or are not co-ossilied into a cannon 
bone ; the first and second superior incisor teeth are present, rudimentary or wanting. 


^ JScmice, iii. (1884), pp. 122, 145. For an elaborate presentation of liis views see his 
essay on tlie ‘Gf-enesis of the Arietidse,' Mein. Mus. Coujo, Zool. Harvard, xvh (1889), 
where full references to the literature of the subject treated of by him will be found. See 
also A. H. Foord, Geol Ma^. 1895, p. 391. The evolution of the Bracliiopoda is discussed by 
Miss A. Crane, Geol. Marj. 1895, pp. 65, 103. 

^ Jahrl. GeoL JReicIisccnst. xxviii. (1878), p. 78; slso Abluindl. GeoL Rewhsaiisl. 1873 ; 
Sitzb. E. Akad, TFw.?. Wien, Ixxi. (1875), p. 639. Verh. Geol. Reichsanst. 1880, p. 83 (in 
reply to the anti- Darwinian views of T. Fuchs, opcit. 1879, 1880), and his memoirs already 
cited on pp. 834, 835, W. Branco, Z. D. G. Q. xxxii. (1880), p. 596. An example of the 
tracing of pedigree among trilohite.s was supplied by R. Hoernes, Jahrh. Geol. Rekhm/nst xxx. 
(1880), p. 651. On the geological history and affiliations of the Paloeozoic invertebrates, tlie 
student should consult Professor Gaudry’s ‘ Les Eiichainements dii Monde Animal : 
Fossiles Primaires,’ 1883. Coming up) into the ranks of the vertebrates he will find the 
bearing of the history of fossil fishes on evolution discussed by Dr. Traquair in his Addre^is 
to the Zoological Section of British Association 1900. 

^ Amer. Joiir'u, /Sci. 1879, p. 499. Consult also his interesting paper on “Becent 
Polydactyle Horses,” op.ciL xlii. (1892), p. 339, and his paper on the Origin of Mammals,” 
Geol. Mag. 1899, p. 13. There is a valuable essay hy Professor K. von Zittel on the 
“G-eological Development, Descent and Distribution of the Mammalia,” Geol. Mat/. 1893, pp. 
401-412, 455-468, 501-514, translated from iSilz. Bayer. Abaci., Munich, xxiii. (1893) ; and 
another by Professor Osborn on “The Bise of the Mammalia in North America,” Ainer. 
Journ. Sd., JS’ov. , Dec. 1893, Nature, xlix. (1894), p. 235. See also the volume by Dr. 
Scharff, cited ante, p. 841. 
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and the prernohir number from four to one. Tlie chronological succession of genera 
was given hy Cope as follows : 

No cannon bone. 

Incisor teeth present. 

4 preraolars. 

Lower Miocene . . Poebrotheriuin. 

f Protolabis. 

Upper Miocene . . | Pi-ocamelus 

Pliocene and recent | 

According to this table, the Camelidae have gradually unclergone a consolidation of 
the bones of the feet, with a great reduction in the number of the incisor or premolar 
teeth. Cope indicated an interesting parallel between the palaeontological succes- 
sion and the embryonic history of the same parts of the skeleton in the living camel. ^ 
Among the Carnivora, as M. Gaudry has pointed out, it is possible not only to trace the 
ancestry of existing species, but to discover traits of union between genera which at 
present seem far removed.*^ The same distinguished palaeontologist has shown the 
interesting dental evolution between the teeth of the Middle Aliocene Mastodon and 
those of the post- Pliocene Mammoth, and again hetw^een those of the Lower Oligocene 
AmpMcyon and those of the Quaternary cave-bear.^ 

It is not necessary here to enter more fully into the biological aspect 
of this wide subject. While the doctrine of evolution has now obtained 
the assent of the great majority of naturalists all over the globe, even 
the most strenuous upholder of the doctrine must admit that it is 
attended with pala3ontological difficulties which no skill or research 
has yet been able to remove. The problem of derivation remains 
insoluble, nor perhaps may we hope for any solution beyond one within 
the most indefinite limits of correctness.^* But to the palaeontologist, it 
is a matter of the utmost importance to feel assured that, though he may 
never be able to trace the missing links in the chain of being, the chain 
has been unbroken and persistent from the beginning of geological time. 

It was remarked above (p. 839) that, while the general march of life 
has been broadly alike all over the world, progress has been more rapid 
in some regions, and likewise in some grades of organic being, than in 
others. The evolution of terrestrial plants and animals appears to have 
been much less uniform than that of marine life, at least than that, of the 
marine mollusca. It has been suggested that the climatic changes, 
which have had so dominant an influence in evolution, would affect land- 
plants before they influenced marine animals. Certainly a number of 
instances are known where an older type of marine fauna is associated 

^ American Naturalist, 1880, p. 172. M. Gaudry traces, an analogous process in tke 
foot-boiies of the ruminants of Tertiary time, ‘ Les Enchainements du Monde Animal,’ i. 

p. 121. 

- Op. cit. p. 210. 

^ ‘ Bssai de Paleontologie Philosophique,’ p. 188, et se(^. Compare also his paper on the 
dentition of man and certain animals, Anthropologie, xii. (1901), pp. 1 and 513. 

^ A. Agassiz, A nn. Mag. Nat. Hist. 1880, p. 372. 


Cannon bone present. 


Incisors 1 and 2 wanting. 


3 premolars. 2 premolars. 1 premolar. 


Pliaucheiiia. 


Camel us. 


Auclienia. 
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with a younger type of terrestrial florae. Besides those already cited 
(p. 839), reference may be made to the flora of Bnnfkirchen in Hungary, 
which, though Triassic in type, occurs in strata which have been classed 
with the Palaeozoic Zechstein ; and to the Upper Cretaceous flora of Aix- 
la-Chapelle, which, with its numerous dicotyledons, has a much more 
modern aspect than the contemporaneous * fauna. In the Western 
Territories of North America, much controversy at one time arose as to 
the position of the “ Laramie series,” its rich terrestrial flora having an 
undoubted Tertiary facies, while its fauna is Cretaceous. According to Th. 
Fuchs, the most important turning-point in the history of the plant-world 
is to he found not, as in the case of the terrestrial fauna, between the 
Sarmatian stage and the Cmgeo'ia-'hed.s, but on an older horizon, namely 
between the first and second Mediterranean staged Nor is this inter- 
calation of types characteristic of other periods entirely confined to the 
vegetable world. Examples may he found of survivals of types of 
terrestrial animals when the contemporaneous marine fauna has become 
distinctly more modern. The present mammals of Australia and New 
Guinea are more allied to forms that lived in Mesozoic time than to those 
now living in other countries. The remarkable mammalian fauna of 
Pikermi, with Miocene affinities, has been found to lie upon strata con- 
taining Pliocene marine shells. 

' From what has now been stated, it will be understood that the exist- 
ence of any living species or genus of plant or animal, within a certain 
geographical area, is a fact which cannot he explained except by refer- 
ence to the geological history of that species or genus. The existing 
forms of life are the outcome of the evolution which has been in progress 
during the whole of geological time. From this point of view, the 
investigations of palaeontological geology are invested with the |)i*o- 
foundest interest, for they bring before us the history of that living 
creation of which we form a part. 

§ Vi. The Colleeting* of Fossils. — Some practical suggestions regard- 
ing the search for fossils may he of service to the student. Any sediment- 
ary rock may possibly enclose the remains of plants or animals. All 
such rocks should therefore be searched for fossils. A little practice will 
teach the learner that some kinds of sedimentary rocks are much more 
likely than others to yield organic remains. Limestones, calcareous 
shales, and clays are often fossiliferous ; coarse sandstones and con- 
glomerates are seldom so. Yet it will not infrequently be found that 
rocks which might he expected to contain fossils are barren, while even 
coarse conglomerates may, in rare cases, yield the teeth and bones 
of vertebrates or other durable relics of once living things. The peculi- 
arities of the rocks of each district must, in this respect, be discovered l)y 
actual careful scrutiny. 

As organic remains usually differ more or less, both, in chemical composition and in 
minute texture, from the matrix in which thev are imbedded, they weather differ- 
ently from the surrounding rock. In. some instances, where they are more durable, 
they project in relief from a weathered surface; in others they decay, and leave, as 

^ E. Weiss, Mues JaUrb, 1878, p. 180 ; also Z. D. O-, (/. xxix. p. 252. 
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cavities, the moulds in wliicli they have; lain. Ona at the tirst requisiteH, therefore, 
in the examination of any rock for fossils is a careful search of its \v<*athered parts. In 
the great majority of cases, its fossilifcrous or lum-foHsilihu'cuiH character may th(‘rehy 
he ascertained. 

When indhiations of fossils have h(‘tui obtained, the |)articular lithological characters 
of the part of the rock in which they occur should he noted. It will often la* fcuind 
that the fossils are either confined to, or arc more abundant and better preserved in, 
certain zones. These zones should he explored before the rest of thc^ rock is cxaniin<*d 
in detail. Where fossils decay on exposure, the; rock containing them must he broken 
open so as to roach its frcisher jcortions. Wliere the rock is not disintegrated in 
weathering, it must likewise he split up in the usual way. liut whetre itetrumbb's under 
the influence of the wejither, and allows its fossils to Isieome detacdied from thedr matrix, 
its ddbris should be e.xamined. Shales and clays are partieularly liable tec this kind 
of disintegration, and are consecpiently deserving of the fossil - collector h clow'st 
attention, sinc.e from their deesaying surfaces In^ may often gatlier the rerganisms of past 
times, as easily as he can ])ick up shells on tin*. jereHent sea-shore. 

Hut the task of the collector does not end when he has broken open several tons, 
perhaps, of fresh rock, and has searclied among the weathensl dc-bris until he can no 
longer meet with any forms he has not already fouml. In recent years, methodH hav<* 
been devised for enabling him to extrae.t th(^ minuter organisms from roc^ks. Some of 
these methods are described in the following pages. They show that a diqacHit, other- 
wise supposed to be unfossiliferous, may he ricJi in forarninifera, entomostraca, tVc., so 
that, besides the abundant fossils rtnidily (hderded l»y the naked eye in a rock, there 
may be added a not loss abumlant and varied {!olle<;tion of mierozoa.‘ 

As each variety of rock has its own peeuliaritii's (»f structure, whitth may vary ftoin 
district to (listri(!t, the a|>plianceH of the fossil ctdh'ctor must likinvise he vi:irie«l to suit 
local requirernemts. The following list c-ornprises his most generally useful aceontre- 
ments ; but his own Judgmtmt will enable him to motlifv or supplement them uccording 
to his noeds 

List of ApplUtnem vm/uI in FoHHil^i’ollecthttj. 

1. Several hammers, varying in size according to the nature of the rcH*ks to he 

examined. Where these are tough and harfl, a hammer weighirjg *2 lbs. may 
, be needed. A small trimnnng hammer (6 oz . ) for reducing the size of sjHHunienK 

is essential. 

2. Several chisels of different sizes and shapes. 

Ji. A small pick wtdghing 1 lb., useful for loosening bh»cks of roerks from their bfal. 

4. A small trowel, used for scooping up weathered didiris (»f shale, Ac. 

5. A gartlener’s sjawle with circular cutting edge ; of use in lifting slabs of shide, 

6. Pair of strong pincers, like those used for cutting wire, for reducing M|»ifci!neri« 

which might go to jneces under a blow of a hammer. 

7. A collecting- hag (canvas or leatlu^r). 

8. A supply of nests of pill-boxes for more (kdicate .specimtmH. 

9. Hrown and softer grey wrapping paper (old newspapers arc icrvicealdi!), 

10. Gummed labels, nunihertd to corresjmnd with those in the eollccting-hook. 

11. Note-book or collecting-hook, in which, where practicable, each speedmen k 

entered under its niunher, with all particulars of its exact locality, geological 
horizon, Ac. 

12. Fish-glue, a thin solution of which is useful to preserve siw^clmens that may be 

liable to crack into pieces. 

^ The following descriptions of methods of searching for fossil microzoa havi* beifu <lrawn 
up from notes for which I was indebted to the late Mr. JaiiicH Ikmide, Fossil Collectcir 
of the Geological Hurvc5y of Hcotland, who was singularly siiccesMful in in«!rea«fng our 
knowledge of the mimiter forms of animal life in the ( larhoniferous system. 
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To these simple a uuir«! r«‘i*iiiMlitc nature havat been atldtal by 

various paheontokgiHlH. IIiuhM. Leiiifiiiti' has emph»y‘'«l the Himtgeii niys as a iiHiaiis 
of diHCOvering the u( iwuii-H m otln^r in the heart of an unbroken 

block of stouad Mr* Ih rioiid has rorommemfi'd (hr iitic»ption of the iirtifi(ual Haml-bbiHt 
as an effective niotlnel of ilrvi-hipiug iriioHtrs from amIdHt the inatnx in which they 
are imbedded.” Obvimisly th%* iii|p‘iiuity t,f the <udleetor will .HU.^giwt th«‘ best ineaiiK (d' 
obtaining the remiliH li« 

Weathered Shales, Thr hrapn of nhahj thrown <nit in <juiirryinx oporatioris, 
afford exccdlent grciiitid ho’ fo^Hil huntinyt. It h best to begin at the bottom of a heap, 
and to creep slowly ahnig Ih** same lev«d ft»r ii doj^eii yar«l« or so, where Ukj ground to 
be examined is exUmsivi? ; lht«ii to ndurn along a hand slightly higlmr, and bo on 
backward and forward nutil tin* top is rea<di»*d, wldelt may be searched in hraadthn of 
a yard at a time. In thU way, the more prominent fosailn may lie obtained. Large and 
thin fossils, such us nh^lh ot whicdi break into fragments in 

weathering, must sought for in the leHs-deeityeil parts of the hhalu. When found, 
the matrix armiiul them sinudd be redio'ed to the <lefiired hv/a\ by means of pincers. 
They should then wrappe*! np in n liox, or, at least, seeured against injury in the 
homeward transport, and m soon as iwmsible tiHtreiifter should lie dipped in a thin 
solution of fiHloglue and allowed to dry slowly in the itir. As a rule, particularly w'hens 
the structure of a fowl! is %vidb preserved, it in desirable to retain also the surface of 
rock containing its imprecision, wliieh not infretjuently affords evidence of stnictuni 
that may he less distineily pre#*erv4*d on the eouriterparf, or side to whiidi the main 
portion of the fossil has adli**red* 

Home fossils of great d*di«*aey, sneli as fronds of Fr^nrntrlltf , wdiich go to pieces as the 
rock weathers, may he exfrac'btd by an ingenious process devised by the late Mr. tfohn 
Young, Curator of the H«nif?riaii Mimmun, Ulangow University. If the shale on which 
such organisms lie is iiabbs to go to pieces, it may be sutliciently matured for trannjjort 
by being coated with a lldtt soliithni of gmn, wlnrdi is allowed todry before the Hpecimen 
is packed up. If the aetiially exj«>s«-d face of the Fcm'ntrlltt Is inteinlcd to be exhibited, 
it may he ch-aned from Ihr gam or from any ailhennit shale liy being rubbed quickly 
with a wet nail-brush find ivip<«l v/ith a dean damp spongr*, eare being tiiken that the 
gum hohiing down the l<m***r siirfaoe of the fossil is mU sidh-neil, and that the shale does 
not get too wet. If, on lli*t oiImt hand, it is fie drable to expose the face cjf the frond 
that adhereB to the shale, lids mny be elfeeted as follows. All trace of any gum that 
may have been used should be curefiilly reinove<|. Thf^ specimen is then wariiKsl before 
afire, and a thin layer ui le^phalt in iiidtefi over it hy means of a hot iron ro<L If tine 
frond to lx? liftisl h large, a thkh ?iiroiig cake slomld b« fonm-fl upon the specnnien by 
using alternate liiyer^i of If iaown pap>r and iiapliiik, the paper always forming the 
outer surface of the cake. Wh^-n the c'^hesion hi^twcen the iinphalt and the .Hpecrimen in 
lirm, the whole m then pl’i»-»'d m water, when the shah* generally crttriddes flown and 
can he removed, leaving the inlhering tf> llie aaphalt. In this way, the 

poriferous surface, which, ihe part, clinga bi the «ihalc whf?n tlic rfw'k is lirokcn 
open, i« k«l hare. % t^'iidisng the »|fecinii-ii with its minute Btruoture 

may he revitaled, the d«driil-«-’ iielwork lying f»ii the finplmlfc like a piece of lace upon a 
ground of hkek Velvet Th« rnke fi*f 3.*tplialt limy then Im fdoiped iinfi mounted on a 
wooden tabkt/'^ 

But in molt cAfies th«re mtt* mtium minnU^t foriiit wiihdi eswape notice, ami which 
must hi «f*archiid f«fr in anfflher w-ay. To nenm’ tlo’MT, ii little nhabt should bo lifted 
with a trow’el from th« wijullicrril |iarla where f«e+sj|a are visibhf, thu trowel ladng 
gently pushed ilong in m to refiinve only th« layer, where the fosHils arc 

^ IL K (I K «iv, a-^mb p. p. fS3. 

^ Mr. Yoiiftg iindli' reidiMatl for tii«? lhi» ncmmiil a«phait-process. 
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necessarily more abundant from tlio (lisintugrution and removal of tin* nbale by rain, huh, 
and wind. If wet, the shale tluis collected shouhl he thoroughly dried in an oven or 
before a fire. Thereafter, it is to he W(dl soaked In water till it erumldcH down ; after 
gentle agitation, the muddy water shoidd he poure<l (dl, the heavier partiedes being 
allowed to settle to the bottom. This process should be i'ep(*ated till the Hediineiit is 
so frG(3(l from clayey particles tlnit it can be passe<l through sifwcs of diflcnmt degri^es 
of fineness. The several assortments thus obtained .should t hen be Indled separately in 
a rather hroad-hottomed gohhd; over a brisk lire for about half an hour, the boiling being 
continued with a change of water till little or no mud appears. Tin* eojir.s(‘r panadsmay 
then be dried and .s{m*.iid out on a sehool-slat.e, when, with lens and a eaniel-hnir brush 
wetted at the point, the fossils may l>e easily pi(d<ed out and <Iropped into a pill-box for 
further examinatiou. Tlu^ liner kinds may separated into lighter ami heavier portions 
by putting, say, a handful of tlie thoroughly ilried sediment into a }»owl, and tiirning a 
gentle sfcniam of water upon it, when the lighter graiii.s lloat and may be decanted into 
another vessol. Tlie.si^ lloatiul parts imdude the .smaller kinds of foraminifera and ento“ 
rnostraca, the jdates, anehors, crosses, ami other .spicules of holothuriaiiH and sponges, 
fragments of jadyzoa, shells, &c. The oUetd of boiling is to hnnsem tlnsscs organisms fnnn 
the matrix and to clean them more perfeetdy than «tan be dmie in any other way ; the 
minuter forms iloat off us dust. By this metliod of detia^tion ami Hehaditm, fossilH 
which occur only in tint proportion of one in a thousand of t he partiedes may he caHily 
secured. 

Uu weathered Shales.— It often hai»p»*nH that along elilf seetiouH, on the hunks 
or beds of rivers or on the sea-shore, hi.ssiliferous shales oeeiir from whiid* the weathered 
[K)rtionH are continually waslnsl <ir ])lown away, so that no opportunity oeeurs <d' 
ado<tuately collecting llic fossils from the e,x[»oHed <li'du'is of the rocks. In such eases 
the .solid, unweathered shale must he taken and treated s<mn*vvhat differently. All 
layers of shale will not be found to be (spially rich in mierozoa, and it isdcHirablc to try 
those first whi(di .seem most likely to yield sati.sfactory n'.HnIiM smdi, for iiistama?, as 
those whicdi are otherwise most IbsHilifeiumH. Where shale <jecnirs in aHsmdaiion with 
limestone, the jmrtioiiH jiist beneath or above the liniestom* should tirst be Hearched. 
The parts selected should be dried as thoroughly as poHsible in an oven tc btdbre a lire, 
and sliould then Is) put into water, and left there until tln^y fall to [ucees. The ilebriw 
thus obtained is to be put into a rather wide-incHhed .sieve, and the (‘irnmrv iiiaterialH 
left behind may }>e again drbsl and .steeped, this prcs’css iudug rep'iited two or thi*c‘e 
times, or until the fragments umlergo no furtlnu* subdivision. When tlms nsluced as 
much as pOBsiblo, the debris should be. boiled as above dcMcribed. Home shales are caun- 
pletoly disintegrated at once by boiling ; others ordy after prolonged hcdling, while sfune, 
though Hubdividcjd into Hinall fragments, will not “ dissolve,” that Is, will Ufd. break up 
into such line particles as to remain in mechanical suH[H:riHion in the wat(*r. Hueh 
obdurate varieties must be examined in Inilk. hi the (Carboniferous system, the shales 
that f)oil down completedy are those in whitdi tlieir component argillacemiH particles have 
been compacted merely by pressuri*, or with such light eifrnentation iih mmid be <Ie- 
stroytid by boiling. They are usually grey beds, such m so often actHunpany ItmeHtonuM. 
The black shales, on the other hand, containing a conshlerahle proportion of bitiimimiiLH 
cement, will not thoroughly break up even after prolonged l/oiling. 

The drying and steeping here described may bt^ regarded as proeesHcs of rapid artificial 
weathering. The elfects of the heat of a fire utK)n shale resernble those of the sun’s rays, 
and the soaking in water is a counterpart of the action of rain. It is Hur|>ri«lng liow 
easily hard, compact shale, which can with difliculty he bn^ken or split with a hammer, 
may, by the metliod aliove specified, be reduced to tlust or to fme granular debris, from 
which even delicate shells may easily he picked out entire. ()ne may thus experiment- 
ally learn how important a part in the disintegration of rocks must he falciin hy the 
alternate desiccation and saturation of their surfaces by sunshine and sliower. 

Limestone and Ironstone. — Among fossiliferous limcHtones, remarkable differ- 
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ences are ol)»c;rvA51«* i» tii** iNUiditum i»f t}ii» emthwed IdsnilH, autl iu tlie (*{^(5 

with whiidi they caa h*- lUid i.xtraetwl. It in only by diligent praetieo that 

these peculiarities nm he ioaKler«-«i an ti* enaUle the ohnerver U mako an exhaustive 
collection from tlie uek-* lUdrh lie explores, hi Hoiue liinestomiH, the organics nunaiiiH 
are specially ahiimhiiit in paitieiihir ur |«»ekets. Fragments of tlu'se ]»arts of the 

rock may he taken hoMPs and tlndr funniU may I»* extriieted hy tixing the block on a 

piece of lead 1 inch tld*’k and about *1 im-hoH Miiiaro, nml euttiug out the deHirod spoci- 
meiiH with hammer and »ddmd. FutMUinHlrara, and other small organiHtiiH in which the 
vah’es are united, may abo hr «ditaim'd in a pi-rfect i-ondltion from this clasH of rockg, by 
pounding fraginentn of tia- l*r4Hilifhr,,nH materinl with a hammer witldn the circle of a 
small iron ring or “ wii thei «»iie righth of an imdi in thicknesH, As the rock is orushcil 
bytliehloWHofthelianiiorr thi< mg iiiinfiH jump mit of the matrix, but are retaint3d within 
the hounds of the nng.^Mhmli aiiHWei H as a gauge, preveaiting the material from 

being brokc'ii too Hnutll. lli*‘ |«mmhn! rork is afterwards washed fre{‘. frotn dust, dried 
and soarched as abovr diieeird. Many linjeHtoni-H reveal their fossils best on W(iathered 
surfaces. In Huefi it not infrio|nently hiip[»»*ns that the upper piirt of the roelc 

iininediately helow tie* ?f‘ol or edl yi^’ldn a richer harvest of good BpeeiuKinH than 
could be obtained t*y huaksfig »*|fen the fresh st<»ne» tSoinc of the rotten debris from th(< 
surface and fwHures m| I lie Uui»*Hi((Uj** shiudd he earried home, wuNlied and }>oih‘d, as iu tlui 
treatment of Himli*. lie iiiiimter may thus he recovatrisl, and us these, wlieu 

found in liineHloiie, elleii dilles” iu kind from tlaiHe preserved in shale, no opportunity 
should he lost of searefdiig for them. Soft, puh’enilent limeHtoneK, Hindi as chalk, should 
ho gently levigated, fh** ehalky wafer being poured off and fresh water being added, until 
a granular residue of foratiiiidfem, o draeiMis, dieli fragmeulH, Ac,, is olitained. Noduli^s 
of lirnestono or imnstone often luielrme firtsils, hut it is not alwayH {‘any to split them 
open in siudi ii ^vay m to lay \mr flodr orgaiii'* nuclmiH. dlds, however, may frequently 
be effected hy putting the nodule inb* a lire, anrl dropping it, whiui quite hot, into cold 
water. 

Olay.M. Thehi* limy be Hum* d'lilly tr*‘at<'d for mi«To/.oa in the manner aliovc de- 
scribed for Hlmles.* Tliough liny ofiiui eoijtain mm h interstitial moisture th(*y are not 
readily levigated in waf*r iintil dtun they have been tluirmighly driisl in an oven, before 
a fire, or in the sun. Wle u tr* ;tt#'d they arc easily rethiced to tine mud, whicrli may 
he removed in HUq»en,iois mitil n giamilar reddiie U bdt, wliieli maybe searched for 
fossils, hut as many of th#- inmuf^-r organir-imH tioat wlien Joewem'd from (he malrix, llu^ 
muddy water slioii Id le* |a/i** d fluMugh a br;r.H \vire nievi- as fine as muslin. If the, 
moHhes become cloggrd, i!ed lie wa?»i will m,f ||i,w readily ihnmgli them, a. lew 
smart taps on flic ^'ide of !ki. %irv-- Will *-h-ar f hem. Should some porlioim of the clay 
refuse to pawM info iiiinMy wm aff«'r r«'prat»^d trkiH, they will pn dial dy lie 

levigated by boiling, m bu ;dei!e. Tie:ii#*d ,}-.j |}«'re reeommendt^<I, many glmdal clayn, 
which, to the lyc, iipp-.ir hopdevuly unbeiMiliferou.'^, may thuM be made to yield an 
interesting group of 4*r,'- 

Feat. Mueli iiifMrm.af hoi a-n to *"lifiiafal ehangcM of former periods 

may he gh'iuietf in fr^uii a nludy ^d' tin* o»rg.i!d«’ remains prcHC'rvcd in 

peat-raoMHCH, lhih«w lb** thrir iii;»y Ii*- biyt'rn of rlay or marl |'»reaerving the, remains 
ofplanteami aniiiials, l«d«iigiiig fW'^nbly fo an ^rrtie rdimafe. In «uch [lo.HitionH at 
various places In l4*-s»ikiid. fh*aiaaiid^ ef fragments »ff the little (treenland cruHt- 

* On till! Ifiehigiol sff '»■»■ ii. Mnnthe, fhrJ, xvi. 

(1894), p, 17. 

By the rnrflifelii Ic’^fp wbliliorr-* have Im'iui made to mir knowledge of 

the inieroKMt Ilf tl» iwwl. ier r'l a inpii% Mr, lb Ik Itradyk rracandiCH on the Carhoni- 

htom Fit mm! niff' mp\ I* %\ lk and Mr, KirkbyS iiionograph on (larhoni- 

icroiis *“ //♦</«-ifAereAr in the t ^arlionifcrous miu was din- 

covered entirely In m^inip-r hy th*- htn- dam*-* fbmmm 
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acoan Lepidurm or Apus, to'^etlior with Icavos of anttit; willow and hindij have htM*n 
obtained. The bottom layers of the peat may also furnish mu’thern speeieK of plants. 
Tlio upper H]>oiif(y and librous ]»art is of eomparatively little intenist, as it is made tip of 
the common marsh plants still living in the .surroiindinf' country.* 

* On the study of peat de}>osits see (t Ileid in Idununurtf of /*r(nftrM of (tfolotjiad Sorn-i/ 
for 1H9S, p. IfjG. t’or luetluxls of investif^ating the plants that forni the substance of ]»eat, 
see Gunnar Aiiderssou, A'co/. Form. Ftorkhol xiv. (IHOti), pp. lf»5aiid bOtJ ; consult al.sr> f In': 
same author’s papers on the preservation of Quaternary .speeimeiis of jdantH, Op. rd, xviii, 
]>. 492, and his essay on the hf)tani(;al examination of pj*at in Srmslut MosHkiiltinforrH TIiIhL'. 
1893. A. G. Kellgreii has described a new form of peat-btjrer, O'roL Form, Ftmkhotm^ xvi, 
(1894), p. 372. 
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SrilATIGRAPHrCA.L GEOLOGY. 

This branch, of the science arranges the rocks of the earths crust in the 
order of their appearance, and interprets the sequence of events of 
which they form the records. Its province is to cull from other depart- 
ments of geology the facts which may be needed to show what has been 
the progress of the planet, and of each continent and country on its 
surface, from the earliest times of which the rocks have preserved any 
memorial. Thus, from Mineralogy and Petrography, it obtains informa- 
tion regarding the origin and subsequent mutations of minerals and rocks. 
From Dynamical Geology, it ascertains by what agencies the materials 
of the earth’s crust have been, formed, altered, broken or upheaved. 
From* Geotectonic Geology, it understands in what manner these materials 
have been built up into the complicated crust of the earth. Prom 
Palaeontological Geology, it receives, in well-determined fossil remains, 
a clue by which to follow the relative chronology of stratified forma- 
tions, and to trace the grand onward march of organised existence 
upon the planet. Stratigraphical geology thus gathers up the sum of 
all that is ascertained hj other departments of the science, and makes it 
subservient to the interpretation of the past geological history of the earth. 

The leading principles of stratigraphy have been indicated in the 
preceding pages, hut may be summed up here as follows : — 

1. In every stratigraphical research, the fundamental requisite is to 
establish the true or original order of superposition of the strata. Until 
this is accomplished hy careful study of the actual relations of the rocks 
in the field, it is impossible to arrange relative dates and make out the 
sequence of geological history. 

% The stratified portion of the earth’s crust, or Geological Eecord, 
may be subdivided into natural groups or ^‘formations” of strata, each 
marked throughout by some common facies of organic remains, that is 
hy the occurrence of some characteristic genera or species or a general 
resemblance in their palaeontological type or character,^ or, for limited 
tracts of country, by some common lithological features. 

^ The student may consult an interesting paper by Professor E. Renevier {Arch, &i. 
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3. Living species of plants and aniinals can be traced (Icjwnward into 
the more recent geological forniathnis ; lait grow fewer in innniHn’ as 
they are followed into inorci an(‘ii*nt (biposits. W'itli their <liHappearane(‘, 
we encounter other speunh^s and gemnu which arti n<a longer living. 
These in turn may be traiaal backwa,rd into earlier fornmti(»n8, till they 
too ceasC; and their plma^s iiw. takem by yvl oltler formn. It is thus 
shown that the stratified rorJes (contain the n‘, cords of a gradual progren- 
sion of organic types. A sp(‘(n’cs which lias oina* died oitt does not seem 
ever to have r(‘app<^ar(5d. 

4. When tin; oi:d<u’ of HUcccssion of organic nunains among the 
stratified rocks of a district or country has onec been ammrately (h^juanined 
on the basis of tin*, tnut straiigra, pineal uriUn', it b(*eonu‘s an invaluabh* 
guide in the investigation of the. ndativa^ ag<^ an<l Htructural ari’angements 
of th(isc rocks, ev(m in regions h(*y ond that in which tin* cu*ganie sma'CHsion 
has been first xnad(i out. k^icli zonc^ or group of strata, Imiiig {'haraeferiHed 
by its own speemss or gemera, may Ik*, reeugiuHed }»y their* means, and the 
true succession of strata may thus Ik*. <a>ntid<*nt ly e^Htablished even in an 
area such as tlia.t of tln^ Alps, whci’cin the rocks have lH‘en greatly 
fractunsd, foldcKl, invfn'trul, or nu4amf)r’phoHC(L 

5. This succession (d oi'ganie nunairiH is never inverted in any region. 
It may not b(i all r-epresentral in a pai'tie.ulai* (aaint ry, Init those parts whidi 
arc represented always connj in th(*4r pn»p<U’ onler, save. wlu‘r«* tliey may 
have betm sulwecjutuitly distur'lKKl by teri’rmtrial movemmits. 

6. The I’elative clironological valium of the divisions of tire Uerdogical 
Record is not to Ire meaHure,d by nnu*e dtijrth of strafa. Udiibt a great 
thickness of HtratifuKl rock may Iks reasonably assunrtjd tt» mark the* 
passage of a long poi'iod of time, it cannert safely l>e atlirnuKl that a iimeh 
less thi(;kncss (dsewhoro nipresrmtH a correspond irigly diminisln?d period. 
The truth of this statement may Kometiines be made evident l»y an iineim 
formability between two sets of r’oeks, as has alr(»ady been explained. 
The total depth of both grf)Ups toget.hm* may be, say, lOOtt feet. Lise 
where we may find a single unlu’okcm hrrmsition reax-hing a depth «>f 
10,000 feet; but it wouhl be uttcudy errorreouH to eorreindc* that the 
latter must represent ton times the <hiration indicated by the two former. 
So far from this being tlus case, it might not be difliejilt to show that the 
minor thickness of rock really deriokis by far the longer gtK4<»gic!al interval. 
If, for instance, it were proved that both tin*, sectiotm lie on om* and 
the same geological platform, }>ut that lowfu* Hf*rieH In the fine hK*alitv 
belongs to a far older system of rocks than the biiHo of the tliick c‘fjn 
formal:)le sorios in the other, and that tlie upjMU' uneoiiformablcs m*rum at 
the first place is of much latter date*, than the uj>per pf>rti<m of tim thick 
series at the second, then it would be clear that the gap marketl fiy tlu! 
two thinner groups really indicates a longer |>erlod than the massive 
succession of deposits. 

7. Fossil evidence furnishes the chief meatis (d (mmparing the rala* 

Phi/a, NaL CltKiova, 1884, x\l p. 297) on “(Jeologhnil Fac.laM.’^ Tfte tfjtal inewi of tliij 
fosBiliferous formations or “Geological Ilcconl” in Enrojx^ lian wt down at "fipKKI 
feet, or iipwarde of 14 miles. 
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tive chronological value of groups of rock. A “ break in. the succession of 
organic remains ’’ marks an interval of time often unrepresented by strata 
at the place where the break is found.^ The relative importance of these 
breaks, and therefore, probably, the conaparative intervals of time which 
they denote, may be estimated by the difference in the facies of the fossils 
on each side. If, for examjde, in one case we find every species to be 
dissimilar above and below a certain horizon, while in another locality 
only half of the species on each side of a hand are peculiar, we natur- 
ally infer, if the total number of species seems large enough to 
warrant the inference, that the interval marked hy the former break 
was longer than that marked by the latter. But we may go furthei*, 
and compare hy means of fossil evidence the relation between breaks 
in the succession of organic remains and the depth of strata between 
them. 

Three series of fossiliferous strata, A, C, and H, may occur conform- 
ably above each other. By a comparison of the fossil contents of all 
parts of A, it may be ascertained that, while some species are peculiar to 
its lower, others to its higher portions, yet the majority extend throughout 
the group. If now it is found that, of the total number of species in 
the upper portion of A, only one -third passes up into C, it may ])e 
inferred with some probability that the time represented by the break 
between A and C was really longer than that required for the accumu- 
lation of the whole of the group A. It might even be possible to dis- 
cover elsewhere a thick intermediate group B, filling up the gap between 
A and C. In like manner, were it to be discovered that, while the whole 
of the group C is characterised by a common suite of fossils, not one of 
the species and only one half of the genera pass u]) into H, the infer- 
ence could hardly he resisted that the gap between the two groups marks 
the passage of a far longer interval than was needed for the deposition of 
the whole of C. And thus we reach the remarkable conclusion that, 
thick though the stratified formations of a country may be, in some 
cases they may not represent so long a total period of time as do the 
gaps in their succession, — in other words, that non-deposition has been 
in some areas more frequent and prolonged than deposition, or that the 
intervals of time which have been recorded hy strata have sometimes not 
been so long as those which have not been so recorded. 

In all speculations of this nature, however, it is necessary to reason 
from as wide a basis of observation as possible, seeing that so much of 
the evidence is negative. Tspeciallj needful is it to bear in mind that 
the cessation of one or more species, at a certain line among the rocks of a 
particular district, may mean nothing more than that, owing to some local 
change in the conditions of life or of deposition, these species were com- 
pelled to migrate, or became locally extinct, at the time marked hy that 
line. They may have continued to flourish abundantly in neighbouring 
districts for a long period afterward. Many examples of this obvious 
truth might he cited. Thus, in a great succession of mingled marine, 
hraekish-water, and terrestrial strata, like that of the Carboniferous Lime- 

^ See anU, p. 842, and tlie clas.sic essays of the late Sir A. C. Bamsay there cited. 



858 


STRATIGBAPHIGAL GEOLOGY 


BOOK TI 


stone series of Scotland, corals, crinoids, and brachiopods abound in the 
limestones and accompanying shales, but grow fewer or disappear in the 
sandstones, ironstones, clays, and bituminous shales. An observer, meet- 
ing for the first time with an instance of this disappearance, and remem- 
bering what he had read about “ breaks in succession,” might be tempted 
to speculate about the extinction of these organisms, and their replace- 
ment by other and later forms of life, in the overlying strata. But 
further research would show him that, high above the plant -bearing 
sandstones and coals, lie other limestones and shales charged with 
the same marine fossils as before, and followed by still further groups of 
sandstones, coals, and carbonaceous beds and yet higher marine limestones. 
He would thus learn that the same organisms, after being locally exter- 
minated, returned again and again to the same area when the conditions 
favourable for their migration reappeared and enabled them to reoccupy 
their former haunts. Such a lesson would probably teach him how largely 
the fauna entombed and preserved on any particular geological horizon 
has been influenced by the conditions of sedimentation, and that he should 
pause before too confidently asserting that the highest bed in which 
certain fossils can be detected, marks really their final appearance in the 
history of life. An interruption in the succession of fossils may be 
merely temporary or local, one set of organisms having been driven to 
a different part of the same region, while another set occupied their place 
until the first was enabled to return. 

The remarkable limitation of certain species to a restricted vertical 
range in a continuous series of stratified deposits, as in the case of the 
Silurian graptolites and the Jurassic ammonites already cited, affords a 
valuable basis for stratigraphical arrangement and comparison. The 
succession of these species has been in some cases similar over such wide 
geographical areas that it is difficult to connect this organic sequence 
with any physical revolutions, of which indeed in a conformable series of 
sediments there may be little or no trace. As already suggested there 
may have been some biological law that governed these apparently 
rapid extinctions or replacements of organic forms, but which is not yet 
perceived or understood. 

8. The Geological Eecord is at the best but an imperfect chronicle of 
the geological history of the earth. It abounds in gaps, some of which 
have been caused by the destruction of strata owing to metamorphism, 
denudation, or otherwise, some by original non - deposition, as above 
explained. Nevertheless it is from this record that the progress of the 
earth is chiefly traced. It contains the registers of the births and deaths 
of tribes of plants and animals, which have from time to time lived on 
the earth. Probably only an extremely small proportion of the total 
number of species, which have appeared in past time, has been thus 
chronicled, yet, by collecting the broken fragments of the record, an out- 
line at least of the history of life upon the earth can be deciphered. 

It cannot be too frequently stated, nor too prominently kept in view, 
that, although gaps occur in the succession of organic remains as 
recorded . in the rocks, there have been no such blank intervals in the 



BOOK VI 


FItINGIFLES OF^^FRATIGRAPHV 


859 


progress of plant and animal life upon tlie globe. The marcb. of life 
has been unbrobeii, onward and upward. Geological history, therefore, 
if its records in the stratified formations were perfect, ought to show a 
blending and gradation of epoch with epoch, so that no sharp divisions 
of its events could he made. Bub the record of the history has been 
constantly interrupted: now by upheaval, now by volcanic outbursts, 
now by depression, now by protracted and extensive denudation. 
These interruptions serve as natural divisions in the chronicle, and 
enable the geologist to arrange his history into periods. As the order 
of succession among stratified rocks was hrst made oat in Europe, and 
as many of the gaps in that succession were found to be widespread over 
the European area, the divisions which experience established for that 
portion of the globe came to he regarded as typical, and the names 
adopted' for them were applied to the rocks of other and far distant 
regions. This application has brought out the fact that some of the 
most marked geological breaks in Europe do not exist elsewhere, and, on 
the other hand, that some portions of the record are much more com- 
plete there than in other regions. Hence, while the general similarity 
of succession may remain, different subdivisions and nomenclature are 
required as we pass from continent to continent. 

It will thus be understood why considerable diversity of opinion has 
existed and still continues as to the terms to be applied to the strati- 
graphical series in the earth’s crust and as to the equivalence of the 
subdivisions of this series in different parts of the world. Efforts have 
from time to time been made with more or less success to devise some 
commonly applicable and generally acceptable system of classification and 
nomenclature. Allowance must be made for the peculiarities and usages 
of different languages, a term not having always the same meaning in 
different countries. But it is certainly desirable that, as far as possil>le, 
not only stratigraphical but all other terms generally used in scientific 
writings should everywhere he employed in precisely the same sense, and 
that a unification of nomenclature should be adopted.^ 

^ The International Geological Congre.ss has, since 1881, laboured streiiuoiusly to efl'ect 
some reform in this matter, hut only with partial success. The scheme adopted at the last 
meeting (Paris, 1900) comprised the following stratigraphical subdivisions. 1st Order : 
Erns of time, represented by Groups of strata, Palaeozoic, Mesozoic, Caiiiozoic. 2rid Order : 
Periods of time, represented by Systems of strata, as in the four great PaUeozoic systems. 
3rd Order : Epochs of time, represented by Series of strata. 4th Order : Ages of time, re- 
presented by Stages of strata. 5tli Order ; Phases of time, represented by Zones of .strata. 
Various modifications are likewise made in the customary terminations in order to conform 
with this scheme. Thus the divisions of the second order are all made to terminate in ique. 
The familiar Cambrian, Silurian, and Devonian become Cambrique, Silurique, and Devonique, 
or Cambric, Siluric, Devonic, as they would be written in Englisli. The divi.sions of the fourth 
order are meant all to end in en {an in English), a.s Bartonian, Portlanclian, &c. It is obvious, 
however, that differences of opinion must arise as to the division into which a particular section 
of strata should be classed, whether, for instance, if should go into the third order or the 
second order. "Whether such an artificial precision of terminology is desirable may be open to 
question, and it may be doubted whether the recommendations of any congress, international 
or other, wOl be powerful enough to alter the established iisages of a language. The cliroiio- 
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The smallest subdivisions of the Geological Eecord are laminae, a 
number of which may make a stratum, seam, or bed. As a rule a 
stratum is distinguishable by lithological rather than palaeontological 
features. Where one, or a limited number of beds, is characterised by 
one or more distinctive fossils, it is termed a Zone or Horizon, and, 
as already mentioned, is often known by the name of a typical fossil, as 
the different zones in the Cretaceous system are by their special species of 
cephalopods, brachiopods, or echinids, those in the Lias by their ammonites, 
and those in the Silurian system by their graptolites.^ Two or more such 
zones, united by the occurrence in them of a number of the same char- 
acteristic species or genera, niay be called Beds or an Assise, as in the 
Micraster beds or assise ” of the Cretaceous system, which include the 
zones of M. cortestndinanum and M. coT'anguiimm. Two or more sets of 
such connected beds or assises may be termed a Group or Stage (Mage). 
In some cases, where the number of assises in a stage is large, they are 
grouped into sub-stages (soitsAtages) or sub-groups. Each sub-stage or 
sub-group will then consist of several assises, and the stage or group of 
several sub-stages or sub-groups. A number of groups or stages constitute 
a Series, Section (Ahtheihmg), or Formation, and a number of series, 
sections, or formations may be united into a System.^ 

The nomenclature adopted for these subdivisions bears witness to 
the rapid growth of geology. It is a patchwork in which no uniform 
system or language has been adhered to, but where the influences by 
which the progress of the science has been moulded may be distinctly 
traced. Some of the earliest names are lithological, and remind us of 
the fact that mineralogy and petrography preceded geology in the order 

logical terms Ercij Period, Epoch and Age have been habitually used by English writers as 
almost equivalent, or at least interchangeable, while the term Group has been so universally 
employed in our literature for a division subordinate in value to Series and System that the 
attempt to alter its significance would introduce far more confusion than can possibly arise 
from its retention in the accustomed sense. 

The student who may wish to pursue this subject may consult the various Compt. rend. 
Congres. Oiol. Internat. since 1881 ; and the following papers: Professors Meuriier Chalmas 
and De Lapparent, “Note sur la Nomenclature des Terrains Sedimentaires,” B. S. G. F. xxi. 
(1893), p. 438 ; “A Symposium on the Classification and Nomenclature of Geologic Time- 
divisions,” by J. Le Conte, G. K. Gilbert, W. B. Clark, S. W. Williston, Baily Willis, C. B. 
Keyes andS. Calvin, Journ. Geol. vi. (1898), pp. 333-355 ; T. C. Chamberlin. “The Ulterior 
basis of Time-divisions and the Classification of Geologic History,” op. cit. pp. 449-462 ; 
H. S. Williams, “The Classification of Stratified Rocks,’" op. cit. p. 671 ; B. Willis, “In- 
dividuals of Stratigraphic Classification,” op. cit. ix. p. 557. 

^ Professor Gaudry estimates the total number of zones in the European geological series 
at 114. In this calculation the Jurassic system is allowed no fewer than 34 ; the Carboni- 
ferous and Permian together, 10; and the Cambrian and Silurian together, 20 (‘Enchaine- 
ments du Monde Animal : Fossiles Primaires,’ 1883). Professor Lapworth has recognised 
20 distinct graptolite zones in the Cambrian and Silurian systems {Ann. Mag. Nat. 
Hist. ser. 5, vols. iii. iv. v. vi. (1879-80), see especially the last part of his paper in vol. vi. 
p. 196 seq.). See also H. B. Woodward, “On Geological Zones,” Proc. Geol. Assoc, xii. 
(1892), p. 295 ; J. E. Marr, “Principles of Stratigraphical Geology,” 1899, p. 68 ; A. J, 
Jukes-Browne, Geol. Mag. 1899, p. 216. 

2 Compare Hebert, Ann. Sci. Geol. xi. (1881). 
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of birth — Chalh, Oolite, G-reensand, Millstone Grit. Others are topo- 
graphical, and bear witness to the localities where the formations were 
irst observed, or are typically developed — Oxfordian, Portlandian, Kime- 
ridgian, Jurassic, R-hsetic, Permian, Reocomian. Others are taken from 
local English provincial names, and remind us of the special debt we owe 
to William Smith, by whom so many of them were introduced into geologi- 
cal literature — Lias, Gault, Crag„ Cornbrash. Others recognise an order 
of superposition as already estahLished among formations — Old Eed Sand- 
stone, New Red Sandstone; while still another class is founded upon 
numerical considerations — Dyas, Trias. By common consent it is admitted 
that names taken from the region where a formation or group of rocks is 
typically developed, are best adajited for general use. Cambrian, Silurian, 
Bevonian, Permian, Jurassic, are of this class, and have been adopted all 
over the globe. 

Rut, whatever he the name chosen to designate a particular group of 
strata, it soon comes to be used as a chronological or liomotaxial term, 
apart altogether from the lithological character of the strata to which it 
is applied. Thus we speak of the Chalk or Cretaceous system, and 
embrace, under that term, fornaations which may contain no chalk ; 
and we may describe as Silurian, a series of strata ■ utterly unlike in 
lithological characters to the forma tions in the typical Silurian country. 
In using these terms, we unconsciously adopt the idea of relative date. 
Hence such a word as Chalk, or Cretaceous, does not so much suggest to 
the geologist the group of strata so called, as the interval of geological 
history which these strata represent. He speaks of the Cretaceous, 
Jurassic, and Cambrian periods, and of the Cretaceous fauna, the 
Jurassic flora, the Cambrian trilobites, as if these adjectives denoted 
simply epochs of geological time. 

The Geological Record is classified into five main divisions : (1) 
Pre-Cambrian, also called Arclsean, Azoic (lifeless), Eozoic (dawn of 
life) or Proterozoic (earliest life); (2) Palasozoic (ancient life) or 
Primary ; (3) Mesozoic (middle life) or Secondary ; (4) C<aiiiozoic 
(recent life) or Tertiary, and (5) Post-Tertiary or Quaternary. The 
Tertiary and Post-Tertiary are sometimes grouped together as Neozoic 
(new life). These divisions are further ranged in systems, each system 
in series, sections, or formation s, each formation in groups or stages, and 
each group in single zones or horizons.^ The accompanying generalised 
table exhibits the sequence of bh e chief sub-divisions. 

Part E. PRE-CAMBErAN. 

§ i. Generali Characters. 

In the classification of the materials of the earth's crust enunciated 
by Werner the term Transition rocks ” was applied to a large series of 

^ On tlie classification of the G-eologieal Record see Professor Eeiievier, Bull. Soc. VaiuL 
xiii. p. 229 ;Arch. Sd. Phys. Fat. xii. (1884), p. 297 ; C!on2)t.re7iiL Congr. €M. Internal. 
1894, pp. 523-695 ; F. Freeh, op. ciL 1897, Menioires, p. 27 ; Dr, W. T. Blanford, GeoL 
Mag. 1884. 
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stratified formations, which, underlying the fossiliferous or what were cc 

then called “Secondary de])osits, and overlying the viirious crystalline at 

masses which were regarded as the most ancient or “Primary” part of 
the earth’s surface, Avere }>eli(‘,ved to record an intermediate period of v< 

terrestrial histoiy, between the time when any sueli crystalline matfirials as tc 

granite were laid down from a sup[)osed universal ocean and the time when tl 

ordinary sediment accumulated and entombed the nunains of the earliest tl 

animal life. Long aftei- the*, theoretical considerations tiiat led to its adop- I3 

tion had l)een pi-oved to l>e fallacious, this Un-m “ transition ” continued to i^ 

maintain its ground as the designation of the most ancitmt stratifi(*d rocks ^ n 

underlying the Old Ited Sandstone, and containing the iiarliest known y 

organic rcmiaina. The researches of Murchison and Sedgwick evcmtually a 

showed that these venerable formatiotis contained a well-marked succi's- 0 

sion of organic types, whereby, as in the cas(^ of the Secondary rocks, so s‘ 

admiral )l3^ made otib by William Smith, they could hi grouped into r 

separate systems and formations, and could be identified in all |mrt8 of t 

the world. The terms Cambrian and Silurian (whicli will be ex;plaiiied t 

in later pages) were proposed by tlu^sci illusti'ious {)ioneers to denote 1 

the oldest known fossiliferous formations, and soon imtirely supplanted ^ 

the older names “transition” and “grauwacke.’’ The ('aml>rian system, ’ 1 


as now generally understood, includes tlu; lowest mn'icH of Pnmary, or as 
they arc now called, Paheozoic deposits (scui pasirtf^ p. 

But it has been wvW established that, wliile in some rt^gions the base*, 
of the Cambrian system is separat(‘.d ]>y a strong unconft>rmability from all 
rocks of older date, in other tracts it can only l)e defined by an arbitrary 
line, beneath which lie other still more ancient sedirmmtary formations, 
hi those primeval deposits tlun'e an*, records of denudation and dt^poHi- 
tion, of alternate sedimentation and terrestrial movements, of stupendous 
and prolonged volcanic activity, and of distinct though scanty pi'oofs that 
plant and animal life had already appeared upon the face of the. globe. . 
So far as our knowledge yet go(5s, thm-e are ru) means of ascertaining tin*, 
synchronism or hornotaxis of these formations in widely separated regi<ms. 
Fossil evidence entirely fails here as a guidt*, and mt‘re mine.ral cliaraetcu’s 
arc only reliable within comparatividy limited areas. All that can for tlie 
present lie attempted is to detei-mine tln^ true order of secjuencc., tecU.onic 
relations, and general structure of the several ilistinct formations in each 

^ BeHidcH the contrilmtiouH to the general (liNeuHsiou of the *»rigin umi cHiuHtitiitlon of 
crystalline nchints cited on p. 785, the following workn heiiring on pred’arnbriiin r«ek« may 
here be mentioned: Zirk(d, ‘ Petrographie,* vol. iii. pp. 141-425 ; (liinibrU ‘tteogn. Itechrcib, 
Fichtelgebirge,' 1879 ; Hosenl)U«cli, XeiU’^s Jahrh. 18S9, ii. p. Hi, Miitheii. iktilim'h. 
Ladem/ziM, iv. i. (1899), Tachennak's MitthvU, xi. (JHUOj, p. Ill, xii. flHlIl), p, 49; 

“ Iteport of the Geological Survey {»n N.W. UighlandH of Hcf»tland,” f/. J, O'. #S'. xliv. 
(1888), p. 378; Michel-Levy, /I K (/. F. vii. (1879) p. 857; BarroiM, Ann. Xoc. (M, 
Xord. viii. (1881), xv. (1888); W. K. Logan, ‘Geology of (!amnhi’; papers by Putter- 
Hcn, Dahll, Torntdiohm, and others. Home, of whielj are eitetl on p. H9H ; by DawMon, 
LawHon, ami otherH in the IleportH of the Geological Survey f>f (’aiMPla ; !>y Irving, Van 
iii.se, Bayley, and othern in the Annual Reports Bulletins ami Monographs of the 
United States Geological Survey. Horne of the more important of tlmm ccrntribiitioiifi ai'e 
cited on later pages. 
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eounlrj ^liere they occur^ I'iltput in tlie meantime any serious attempt 
at correlation. » 

* It must farther be observed that these oldest stratified rocks have 
very generally mmjergone more or less alteration during the numerous 
terrestrial disturbances of geological history. Lying as they do at 
the base of the stratified part of the earth’s crust, they have shared in all 
the movements by which, during the lapse of geological time, the over- 
lying fossiliferous rocks have been affected. Every intruded mass of 
igneoas rock, every volcanic outburst, every agent of contact or of regional 
metamorphism had first to pass through them before it could reach the 
younger rocks above. Hence not only have they usually been dislocated 
and plicated, but they have been abundantly invaded by intrusive materials 
of all ages, and their internal structure has frequently been subjected to 
such, mecbanical stresses, with accompanying chemical and mineralogical 
readjustments of their component materials, that they have passed into 
the conditiori of schists. In this highly altered state they often can- 
not be distinguished from still more ancient schists, the true origin of 
. which is not certainly known. In some regions, indeed, where the older 
sedimentary formations have been greatly disturbed, a gradation may be 
traced, as we have seen, from unmistakable Palaeozoic or Mesozoic sediments 
with recognisable fossils into thoroughly crystalline and foliated schists. 
Sometimes this transition is doubtless due to an actual extensive meta- 
morphism of the sedimentary rocks, and in these instances there may be 
no means of separating the schists of which the sedimentary origin is 
ascertainable from those where it is not. The whole may be Palaeozoic 
or Mesozoic. In other cases, there seems reason to believe that the grada- 
tion is rather due to excessive plication, whereby far more ancient schists 
and Palaeozoic or Mesozoic strata have been so compressed that they agree 
in direction of strike, and have been so folded that portions of the one 
series have been enclosed within the other, considerable general meta- 
morphism having at the same time been superinduced upon the 
whole. 

From underneath these oldest undoubtedly sedimentary accumulations 
there rises to the surface a remarkable assemblage of thoroughly crystalline 
rocks, which range from amorphous masses such as granite, syenite, diorite, 
and gahbro, through many varieties of coarse and fine foliated rocks to 
the most silky schists and pby Hites, and which further vary in chemical 
composition from thoroughly acid materials (gneisses, granites, &c.) to 
basic or even what are called “ ultra-basic ” compounds (peridotites, 
talc-schists, serpentines). Though sometimes amorphous over considerable 
spaces, and then not to be distinguished from ordinary igneous eruptive 
masses, they for the most part present a more or less distinctly schistose 
or foliated structure, some of their most abundant and conspicuous 
members being gneisses, often so coarsely banded as to pass into granite. 
They are often termed the “Crystalline Schists” (pp. 244 , 785 ). 

Possessing characters which link them on the one hand, with strati- 
fied, on the other, with eruptive rocks, this great series presents a 
peculiar type of structure, with which are connected some of the most 
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perplexing problems of geology.^ These rocks cover extensive areas 
of the surface of the continents, occurring usually wherever the oldest 
formations have been brought to light. But they everywhere pass under 
younger formations, so that their visible superficies is probably but a 
very small part of their total extent. In the northern regions of Europe 
and of North America, they spread over thousands of square miles, form- 
ing the tableland of Scandinavia and Finland, the Highlands of Scotland, 
various detached areas throughout Europe and a large part of Eastern 
Canada and Labrador. They commonly rise to the surface along the axes 
of great mountain-chains in all quarters of the globe. So persistent are 
they, that they probably everywhere underlie the stratified formations as 
a general foundation or platform. 

The origin and geological age of the Crystalline Schists ” have given 
rise to much controversy. Some geologists believe these rocks to he 
portions of the early crust of the globe which consolidated from a molten 
condition (p. 870). Others have regarded them as original chemical 
deposits on the fioor of a primeval ocean. Eepudiating the exaggerated 
views of those who have sought by metamorphic (metasomatic) processes 
to derive the most utterly different rocks from each other (for example, 
limestone from gneiss and granite, granite and gneiss from limestone, 
talc from granite, &c.), these Neptimist writers have insisted that the 
crystalline schists, in common with many pyroxenic and hornblendic rocks 
(diabases, gabbros, diorites, Ac.), as well as masses in which serpentine, 
talc, chlorite, and epidote are prevailing minerals, have been deposited 
for the most part as chemically-formed sediments or precipitates, and 
that the subsequent changes have been simply molecular, or at most con- 
fined in certain cases to reactions between the mingled elements of the 
sediments, with the elimination of water and carbonic acid.” To support 
this view, it is necessary to suppose that the rocks in question were 
formed during a period of the earth’s history when the ocean had a con- 
siderably different relative proportion of mineral substances dissolved in 
its (then probably much warmer) waters ; they are consequently assigned 
to a very early geological period, anterior indeed to what are usually 
termed the Palaeozoic ages. It becomes further needful to discredit' the 
belief that any gneiss or schist can belong to one of the later stages 
of the geological record, except doubtfully and merely locally. The more 
thorough-going advocates of the pristine, “ azoic,” or “eozoic,” date, of the 
so-called “ Metamorphic ” or crystalline schists, have not hesitated to take 
this step.^ Some have gone so far as to assert that, by mere mineral 
characters, the crystalline rocks of contemporaneous periods can be 
identified all over the world. They assume that in the supposed chemical 
precipitation, the same general order has been followed everywhere over 
the floor of the ocean. Consequently a few hand -specimens of the 
crystalline rocks of a country are enough in their eyes to determine the 
geological position of these formations. Other geologists, recognising 

1 For a summary of opinions regarding these rocks, see Zirkel, ‘Lehrbuch,’ vol. iii. pp. 
141 >184. The origin of schists by metamorphisni has been discussed ante) p. 785. 

See Sterry Hunt’s ‘Chemical Essays,’ p. 382 seq. 
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tliat the more crystalline members of the series of schists graduate into 
rocks that are much less crystalline, and even into ivhat are recognisahly 
of sedimentary origin, likewise that they include and pass into masses 
that were certainly eruptive, have come to regard the schists as a meta- 
morphic series of sedimentary and igneous rocks owing their characteristic 
foliated structure to some subsequent action upon theind 

One of the chief causes of difficulty in discussing the history of these 
rocks has lain in the fact that the crystalline schists are, in the majority 
of cases, separated from all other geological formations hy an abrupt 
hiatus.- Insterad of passing into, they are commonly covered unconform- 
ably by these formations, before the deposition of which they had usually 
been enormously denuded (see, for example, Fig. 369). Hence, not 
only is there generally a want of continuity between the schists and 
younger formations, but the contrast between them, in regard to litho- 
logical characters and geotectonic structure, is often so exceedingly 
striking as naturally to suggest the idea that the schists must belong to ai 
far earlier period than that of the oldest sedimentary formations of the 
ordinary type, and to a totally different order of physical conditions.; 
ISTatiiral, however, as this conclusion may be, those who adopt it probably 
seldom realise to what an extent it rests upon mere assumption. Start- 
ing with the supposition that the crystalline schists are the result of 
geological operations that preceded the times when ordinary sedimenta- 
tion began, it assumes that they belong to one or more great early 
geological periods. Yet all that can logically he asserted as to the age of 
these rocks is that they must he older than the oldest formations which 
overlie them. If in one region of the globe they appear from under 
Cretaceous, in another below Carboniferous, in a third below Silurian 
strata, their chronology is not more accurately definable from this 
relation than by saying they are respectively pre-Cretaceous, pre-Carboni- 
ferous, and pre-Silurian. They may all of course belong to the same 
period ; but where they occur in detached and distant areas, there is as 
yet no method whereby their synchronism can be proved. To assert it is 
an assumption which, though in many cases irresistible, ought not to be 
received with the confidence of an established truth in geology. 

1^0 portion of the Geological Eecord has in recent years been more 
diligently studied than the Crystalline Schists, which, underlying the vast 
pile of fossiliferous systems, contain the earliest surviving chronicles of 
the history of the earth. But the problems presented by these rocks are 
so many and so difficult that comparatively little progress has been made 
^ For fartlier discussion of tte more probable theories on tliis subject, see p. 870. Jukes 
(‘Student’s Manual of Geology,’ 3rd edit. (1872), p. 369), pointed out that igneous rocks 
have undergone metamorphisiu no less than the .sedimentary formations among -whicli they 
lie, and his views iave been confirmed by more recent work. See Xelimann’s volume cited 
on p. 785; Allport, Q. J. Cr, S. xxxii. (1876), p. 425 ; 6. H. Williams, cited on. p. 790. 
Abundant confirmation of Jukes’ prognostications has been obtained among the crystalline 
schists of Ireland, wliicli he had partially studied. 

^ Many continental geologists, however, believe that the foliation of the schists is usually 
parallel to tlie stratification of the immediately overlying sedimentary formations. See, for 
instance, the summary given hy M. Michel Levy, B, a% Gt. F. xvi. 1888, p. 102. 
roL. ir 


M 



866 


IJOOK. VI 


BTRA TIGRAPllWAL GKOLOUY 


in the endeavour to grou]) them into formations or systems eomparahle 
with those of the fossil iferous siu'ies, n,n<l to aseertain tin*, stagcjs of lin 

geological history of which they are the nimnorials. The ohsta(‘h‘s to ass 

increase of knowledge on this subject aiisc*. from the complication and th; 

obscurity of the geotectonic relations of the, rocks. A\'e have as yet. no be 

satisfactory clue to their chronologi(;al s(*,(jU(m(‘c. The assunijition that, the wl 

handing and foliation of the oldest gneiss rc^pniSiUjt original stratification be 

has been generally abandoned as <juit(5 unbmable. Ihnua^ all the early 
attempts to make out a stratigra[)hica.l succession among these rocks and 
to estimate their thickness ntv now recognise<l to without foundation. 

Even where some sc<jnence ca.n lie determined in portions of tin*, gneisses, 
as whciaj on(‘, mass has clearly }>een inject(Ml into aaiotlnw, tln^ rocks have*. 


undergone so many disturbarnais, and so many and scu'ious a It (‘rat ions of 
tlieir int(;rnal stnutun*., that it is hardly ever possible, to follow ii]> the 
clue for more than a limited distama^, and still hiss to base, u[)on it any 
generalisation as to a gemn-ally apjilicabh*. order of ap|)ea, ranee. Nothing 
in the least d(‘gre(‘, analogous to Uni evideina*. of fossils among the 
sedimentary ro(d<s is lieni available. Whetlun* luamtually a (hUerminabh* 
sequence among the minerals of tluise anci(‘,nt rocks may In* a,Hc,ertaine(l 
remains still uncertain. If it could lie shown that certain mim;rals, or 
groups of rninei-als, came into existemee, at particular Htag(*.s in tln^ forma 
tion of the crystalline schists, a key might Ix^ found to some of the, most 
difficult parts of this bramdi of geological impiiry, I>ut though such a 
scijuence has often been clainuMl to exist, no satisfactory proof has y<^t been 
adduced tliat it bas been asserted on more than m(u*e local observation. 
(Jertairdy no general law of mineral in ge(dogi(‘aJ tim(*.s has 

hitherto been eatablislicdd 

Thus while it is oftmi difficult or imjiosHiblo to asem-tain the original 
order of succession among the crystalline schists C)f a ])ai'ticulai' region, it 
is even more difficult to form a satisfactory judgm(‘nt as to thci strati- 
graphical relations of the schists of two detached nigions. 'rhf;r(i is usually 
no common l)a8is of comparison lHdAV(‘,cn them, (except similarity of minenil 
cdiaract(‘,r and structure. But as it can In*, sliovvn that even in a single 
area the crystalline schi.sts may sometim<5s rej)re.sent thci njHultH of many 
successive operations continuing through a long series cd geological 
periods, it is obvious that tlui task of correlating tlnmcj rocks in distinct, 
and csfiecially in widely scqiarated areas must las lH‘S(‘,t with almost 
i nsupcral) 1 a ol istaci os. 

Though in many countries a complc.to break occurs betweam the lowest 
gneisses and the overlying Paheozoic sedimentary hji'niations, thc;re are 

* The latii T. S. Hunt wa.s oiu*, of tin; eliief expoiHuit.s of tin* vitnv tliai tlio cryHlalliJit} 
pre-Carnbrian roaks wore, <kpo.sit(al a,s clierniaal scdimciitH hi a t'lirtajn ac.tiriitij fjnicr, iiu»l tfmt 
the rork.H eould he rtajo^iUHc.d by tlieir minenil churueterH, and be tlierctiy grouped in t heir 
proptir order all ovcir the world. Sei^ for example, his ensayH on ‘‘ Tin; I’aeoititt Qiiewtion in 
Geology” anil on “^rhe Origin of the OryKtallimi Uot!kH” in voln. i. amf ii. of the 7Ve//#. Mm/. 
Roc. (Jumda. How completely thiH artificial .sy.Ntein breaks down when tehted liy an appi^id 
to the rocks in the field has be,en w'cll shown by R. B. Irving, 7lh A nn, Jicih U.S. f/. X 
(1888), p. 383. 
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other region.H in wliit'li f an* int inuitoly aHsneiut.od with .scihints, 

limestonoH, (|uart7Jtt*:% and tMaigluuHTatca lln* mii cliaractP.r of tiiis 
association has hecii varioUHly iiitorprottnl, hut <»n any explanation, it sliow.s 
that such gneisses eannat hn tililfr than ('ortain erystalliiH; rna.,s.s(i.s which may 
bo regarded as pro ha hh% if not. cortainly^ tif sedinumtary ot'igin. Utmcc, 
while the inferene** from tuM* of .sfctioiiH lias been that the i^neisses 

belong to an early condititui id tho ro«»ling crunt of the |;lobc, from anothex 
series it has been in fav«mr of tln*si* gjnrisscsund their aHHoeiattMl Hedinicnt- 
ary materials having hocn formed after the (‘nmt was Bolidificjcl, and afttu* 
mechanical and elieinieal sediments had Ix^gun be accumulated. 

Taking the wid<*sf vif*\v of the whoh* series of pre* Paheozoic rocks, with 
their vast {mIch of various Hetlimcntary formations abov(% and their eoinplcx 
series of cryntalline inussivo and seliistoHc. naden below, we eneouiiter a 
somewhat Hi;ri«)UH ditfiniliy in the atti*inpt to group the whole of this 
varied asHcmblage of iiiiinn'al masses und<*r sonn^ (common gtmerally afiplie- 
able stratigrapljical name Sne)i a name has usnally beem held to imply 
that the rocks winch it designaten belong to <ine well slefirnMl portion of tin*. 
Geological Record. Ihit tliis iiupiieatiori is one which every geologist 
who has wnirked atnoiig these ancient rocks would earmsstly (h^priu^ate, for 
he has in some, tnimsu re realised how vast, varied, and long-camtimuid Wfjre 
the geological changes of which they’ are the merriorirds. d'lu^se niutations 
include many transfoniiatiotiH of ilu* earths surface*, many tlistiuhaucos of 
its crust, with enoniiriusdeuiidation and H(*dimentat ion, comparable with, if 
not greater tlmn, those whieh in latcj* ages were n•peate<l again and again, 
ev( 3 n after fclaa older forinat ions were laid dovvm. So nimilar 

have ]>cen the results iluit it is now diflictilt, fu* impi^ssibh*, to cliscriminati*. 
between the iaor«’ ancient and the more recent ojieraticniH, 'fo (dans all 
the crystalline sclii‘*ts and the great piles of sedimentary' ami igmM)us 
rnat(u*ialH into which flew sf*em to pass, by one general nann*, a,ft(!r th<^ ty|)(! 
of “ (tambrian," ** Silmiiti. ‘ mi* “ nevuniaii/ may be convenient-, but in 
the present .slafc «»f our kiiowfedgi* i% apt to lead to c'onfu.sion, by placing 
togetlujr niasseg which may he «#f widely ditlerent geological ag(‘s a,nd of 
wholly diMHifiiilar origin, \*aiiou^ terno have been proposed for this corn {ilex 
asHcuddage of lock^, hjcIi a- ITimifiv«% lh’t4t*ro/,oic, Azoic, Agnotozoic- oi* 
Arclnean, Bit! from the ilafa adduced in book I\. P;u‘t V’lll. n'garding 
regional melanior|iliisiii, the stmieni will und«*r.Hfand^ how full of unc4U‘- 
tairity miniL he idie geologieal age of many areas of rryrHt,a,Ilinc KchistH. 
Mere lithological chararier:** allbrd no perfect iy ndialih^ tent of relative 
anti(|iiity’. lb prove iliar aiir region of cfysfailine seduHts may’ he 
“PrimitiveA “ A/oir.’‘ or **Arelm*an‘^ we must first find tdiesc* i*o(d<« 
overlain by thif olifcsr fossilif»*roii,j4 format ions. \Vh«To no evidence 
of thk kind m available, t.|ie imif tif |ir«*eise terms, wliicdi are meant to 
denote a iiartiiiilar geologleal iwa, is imdesirable, llimaj HcanuH good 
reason to lielicvc ftiat f.he iwserteil ** Arrfnean '* age of many iractn of 
BchistOHe and gnifjifoid rocks reiifii mt m* herter basis than tiiero supposi- 
tion, and that": m fli«* «.iuf|y* of regional iiii'*iaiiiorplimrri m extiUKlod, the 
BO-calle<i Areduean " areas will hi* |jro}H#rt.i*}na|.i‘ly cfuitraetac!.^ 

^ J)r. .Barrel'i tluift *#11 : ■'* A gr#'itt. niiiislu'r of thu rocks eou- 
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Several distinct system vS of mirionil masses can h(‘, shown in some rcj^ions 
to exist beneath the base of Pala*ozoic foi'in/itions, dihei'in^ so ^n-catly in 
petrological characters, in tectonic relations, arid probably also in mode* of 
formation, that they cannot, without a V(ny unnatural union, be an’aaiged 
in one definite stratigraphical series. For th(‘. presinit it seems to rue 
least ol)jectionablc to adopt some vague g(nieral term vvdiich neverth(d(!.s.H 
expresses the only honiotaxial relation about which there can be no dou])t. 
For this purpose the designation “ pre-(!amhriait,” already in use, H(;ems 
suita])le. The rocks which I would embrace under this t^j)it!n‘.t may 
include a numl)er of separate systems or formations which ha.V(^ little, or 
nothing in common, save the fact that they ar(i all older tlian t ln^ bas(‘ of 
the Cambrian rocks. Until our knowlcdgcj of these anciemt masses is 
much more extensive and precise than it is at present I think it would 
be of advantage to avoid the n(lo])tiori of any gcmeral terminology vvhi<*h 
would invndvc assumptions as to their definite place and Ht‘(piene(^ in the 
geological record, their mode of origin, their relation to the history of 
plant and animal life, or their identification in different countric^s. 

As an illustration of the danger of such asHum})tions, I may refer to 
the history of the investigation of the Laurentian rocks of Canada, From 
the early oljservations of Sir W. Logan and .Mr. Alexamhn* Murray thtise 
rocks came to bo regarded as types of the oldest gnehsHes of the globe. 
They were looked upon as probaldy mctamor|)hosed inariiuj sedimentH 
that had formed tlie solid platform on which the wdioh*. sericjs of fossil" 
iferous systems of North America had l)een dopositcHl. The name Lau- 
rentian applied to them was transferred to similar roek“niaK8<*H in other 
parts of the globe, and came to Ixs aecept(‘d as the (hwignation of the oldest 
known zone in the crust of the earth. But eventually it was diseoveretl 
by Mr. Lawson that some pai’t, at least, of tluj I^aureutiau gneiss is (‘Hsen- 
tially of igneous not of sediinentiuy origin, and is actually irdrusive intf> 
what are undoubtedly sedimentfiiy strata. It could not, thmurfort*, itsedf 
as a whole be the oldest rock; and all the genoralisations and idcnitifieations 
foixnded on its supposed position fell to the ground. The tei*m Laiinmt ian 
cannot henceforth have more than a local significance. It servem to dc‘Higuate 
certain ancient crystalline rocks of Canada, but a geologist w'oidd not 
now employ it to denote any of the rocks of another region, even though 
they might present similar general lithological eharact(?rH. We must in 
the meanwhile be content to restrict the application of such narncB to the 
regions in which they oi-iginated. There will be much less impediment 
to the progress of investigation by the multiplication of local names than 


Hideretl to l»e Archtiitin in Brittany aro only motatuorphoHcjd (‘umin'ian or Hihirian roc;kM, 
having merely the facieH of primitive rockn. W'e <lo not think that Brittany easi the only 
region where this in the ease ; on the contrary, it .seenne to m probable tlmi the Pala-ozolc 
forinatioiiH are destined to spread more and more over geoifigieal iniips, at the expinune f»f 
the ‘primitive formations,’ by asHuming gneissic and sehistosi! modilkaitions'’ (.l/oo 

SanL xi. (1884), p. 139 ; antr, p. 781). inmseli’s diseovery of fosHiis in the miem- 
suhists of Soutliern Norway proved some of the supposed “Archn'an” roe.kM to 1m; of Upper 
Silurian age (podea, pj). 899, 925, 970). l.iOWer Silurian ennoids have been found in the 
supposed Archanin tract of Virginia (N« H. Darton, Ann, Jmitn. xliv, (1892), p. 50). 
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by the attempt to force identifications for Avhich there is no satisfactory 
basis. Each country will bave its own terminology for pre- Cambrian 
formations, until some way is discovered of correlating these formations 
in different parts of the globe. 

Although where the stratigraphical succession is most complete the 
gneisses that rise from under the oldest sedimentary rocks have been 
found to pierce these rocks, and thus to be of later date; yet in most 
regions no such pi'oof of posteriority is to be seen. The coarse handed 
gneisses are usually the foundations on which the stratified fossiliferous 
formations nnconformably rest. There is thus an obvious advantage in 
treating these gneisses first in an account of pre-Cambrian rocks. I shall 
here follow this arrangement, and reserve for a later section a description 
of the sedimentary and igneous formations which intervene between the 
gneisses and the base of the Cambrian system. 

1 . The lowest gneisses and schists. 

It has often been noticed that the oldest known crystalline rocks 
present a remarkable sameness of general mineral characters in all parts 
of the earth. Sedimentary formations constantly vary from country to 
country, but when we descend beneath their lowest members we come 
upon a wholly different group of rocks, which, like those of undoubtedly 
igneous origin, retain one general type of structure and composition. 
These rocks include massive materials such as granite, syenite, gabbro, 
diorite, and hornblende-rock. But even in these a tendency to a schistose 
^arrangement can usually be observed, by far the most generally prevalent 
structure is a more or less definite foliation. The coarser varieties are 
marked by alternate bands of distinct mineral characters, orthoclase, 
plagioclase (commonly an acid variety), quartz, horn]3lende, and mica 
{white and black) being universally conspicuous. Such rudely foliated and 
coarsely -banded gneisses offer gradations into masses which cannot ])e 
distinguished from ordinary eru[)tive material. The banding is some- 
times strongly marked by the separation of the more silicated from the 
less silicated minerals, as where layers of felspar or of cpiartz alternate 
with others of hornblende, pyroxene, or biotite. 

While the foliation and the arrangement of the minerals in parallel 
bands give a bedded aspect to these rocks, the resemblance of thi.s structure 
to the true bedding of detrital materials is more apparent than real. A 
little exc%minatioii shows that the layers are not persistent, that they 
cross each other, and that portions of one may he entirely separated and 
enclosed within another. Even where there has been an original banding 
of the material, the rock has usually undergone enormous mechanical com- 
pression and deformation. It has been plicated, rolled out, dislocated, 
and crumpled again and again. Hence, though for short distances it is 
jjossible to separate out layers or bosses of felspathic, hornhlendic, 
pyroxenic, peridotitic, or serpentinous composition from the general body 
of gneiss, the geologist who tries to fix definite stratigraphical horizons 
by this means soon abandons the attempt in despair, and comes to the 
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conclusion that no sc(|uence of a trustworthy nature can l)i‘. (established 
in the body of the gneiss itself. 

From the coarsest gneisses gradations may he traced to fine silky scehists; 
and this not only on a largo scale in tracts capable of being deliiueat(‘(l on 
a map, but on so small a scale as to ])0 illustratced even in hand-speeirnens. 
Such transitions seem to arise from the diircrent elleets of mechanical de- 
formation on materials that otlered (‘onsidcrable didereiKM^s in lithological 
composition and structure. Fiiuj talcose schists, for (‘.xaniphi, <;an be traced 
to original peridotites ; hornbiendic and actinolitie srdiists to such i-o(;ks 
as ga])in’o, dioiite, or dolerite, and coai'sc granitoid gneisses to granite, 
syenite, and similar eruptive masses ([)p. 428, 787). 

In the older acramnts of these rocks the gneisses are desci’ilxHl as ])ass' 
ing into or alternating with a wholly difieront ty[)(.} of rocks, among wliich 
may l)c includ( 3 d linuistone (sometinuis strongly gra|)hiti(i), dolomite, 
(juarteitc, gi‘apliite- schist, mica- schist, and otliei* vai'ieties of schistose 
material. This apparent gradation was helicived to mark an original 
transition of the sediment out of which tluj gneiss was thought to have 
been foi'med into the calcareous, argillaceous, or carboria<.*(,‘ous sedimmit, 
which was the earliest condition of the assoeiate.d lim(‘ston(;s and schists. 
It was thus looked upon as (ividence that the whole crystalline seri(‘H 
represcritcxl, in a metamor|)hosed state?, an ancient actcunmlation of stjdi- 
mentary materials. The existence evmi of organic remains in tin; lime;- 
stone was insisted upon, and the so-called ICicooii was cited as tin; most 
ancient relic of animal life.^ But there is now oveny reason to bdieve 
such gr’adations to be geuer-ally (biceptive. As a result of the enoranous 
mechanirail compr’ession and <lcfoi*niation which these ancient r'oeks hav(j 
uridorgonc, igneous and aqueous materials have Ireen so plicated and (nniHln^d 
together, and have undergone such profound metamorphiBm, that it is 
sometimes hardly possible to trace a boundary betw(*en them. At tin; 
same time there seems no reason to look upon tin; limestornjB, argillit(‘s, 
quartzites, and schists as other than intensely altered sedinumtH, which 
in theory, if not in actual practice on the gi’ound, must be; sepai’ated 
from the gneisses. 

Allusion has already (p. 8G4) Ircen mad(; to varhnis theor'ic^s of th(3 
genesis of the lowest gneisses and Bchists. Of tln^sc thcori(*B only thr*(;(; 
deserve further notice here. (1) That these rocks art; a portion of tin; 
I original crust which solidified on the surface of the globe*. (2) That they 
I are ancient sedimentary r’oeks in a nn;tamorphos(‘d condition, and in some 
1 parts so changed as to have been actually m(;lted and corrveried irrto 
i intrusive material. (3) That they ar-c essentially eruptive; rocks, eom- 
^ parable with the deeper s(;ate(l or plutonie portions of such igneous rocks 
as may be seen to traverse the eui'th’s crust, but Hometimes associated with 
'metamorphosed sedimentary sti’ata into wdiich they have; beam intrnuleed. 

(1) From the uhiepiity of their appear*an(;e, the; pei-Histenea; of their 
striking lithological characters, and especially the ajrparent blending irr 
them of the igneous and sedimentary types of Htr-ueture, the idea not 
unnaturally arose that the lowest ciystallirre; rocks reprosemt the; first 

^ See ou tills subject p, 878, and mithoritieH thi'n* cited. 
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crust that formed on the earth.^ These rocks have been supposed to 
include some of the early surfaces of consolidation of the molten globe, 
and some of the first sediments that "were thrown down from the hot 
ocean which eventually condensed from the atmosphere. Such a specula- 
tive view of their origin may seem not incredible in regions where these 
ancient crystalline rocks are covered unconformahly by the oldest 
Palaeozoic formations, from which they are marked off by so striking a 
contrast of structure and composition, and to which they have contributed 
so vast an amount of detrital material But it must he tested by the 
evidence of the rocks ^emselves, not only where the geological record is 
confessedly incomplete, hut where it is comparatively full. Nowhere 
among the lowest gneisses is any structure observable which can be com- 
pared with the superficial portion of a lava that cooled at the surface. 
Nor have rocks been discovered among them that can be regarded as 
of the nature of volcanic tuffs and breccias. On the contrary, the analogies 
they furnish are with deep-seated and slowly -cooled sills and bosses. 
The supposed intercalation and alternation of limestone and other pre- 
sumably sedimentary materials in the old gneisses are probably all 
deceptive. In some regions they can he shown to be so, and it can there 
be demonstrated that the gneisses are really eruptive rocks which pierce 
the adjacent sedimentary or schistose masses, and are thus of younger 
age than these. If this relation can be clearly established in regions 
where the evidence is fullest, it is obviously safe to infer that a similar 
relation might be discoverable if the geological record were more com- 
plete, even in those parts of the world where the break between the 
lowest gneisses and the Palaeozoic formations seems to be most pronounced. 
At least the possibility that such may l)e the case should put us on our 
guard against adopting any .crude speculation about the original crust of 
the earth. 

The present condition of these ancient rocks differs much from that 
which they originally possessed. In particular they have undergone 
enormous mechanical deformation, have been to a large extent crushed 
and recrystallized, and have acquired a marked schistose striicture. But 
in every large region where they are developed we may obtain evidence 
to connect them with plutonic intrusions, not with superficial consolidation, 
and to show that many of their essential details of structure may be 
paralleled among much later crystalline schists produced from the meta- 
morphism of Palaeozoic sediments and igneous rocks. 

(2) That the lowest gneisses of Canada and other regions are meta- 
morphosed sedimentary rocks was generally believed until not many years 
ago, on the grounds above stated (p. 864). But the increased attention 
which has been given to the study of the subject -since Professor Lehmann’s 
great work on the Saxon gneisses appeared in 1884, has led to so complete 
a revolution of opinion that this belief, at least as formulated by Sterry 
Hunt, is now generally abandoned. Those who still hold it in a modified 

^ See Crediier’s ‘‘ Elemente,” 9th edit., p. 369. Die Fimdanieiitalfomiation ; Erstar- 
ruugskruste. Compare also Rosentuscli, Keues Jahrh. 1889, ii. p. 81. J. Lomas, Geol. Mag. 
1897, p. 537. 
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shiipe recognise that the original sediments must have (littered consideraljly 
from those (jf any unquestionably s(i(Iini(*,ntaryfonnati()ii, and wer<^ probably 
deposited under 2)eculiar conditions, dduiy admit that th(‘S(*. rotdvs have 
undergone extreme metamorphism, and tliat the albu'ation of tlunn has been 
carried so far as to reduce them in some ])Iae(‘S to an amorplmus (nystal- 
line condition wliich cannot 1)e distinguish(*.d from that of normal eruptiv(^ 
material. It has been maintaiinid, indcuid, that the Laurentian gm*isst*s 
of Canada have been produced by the actual fusion of tlu^ old(*r s(*({i^ 
mentary pro-Camlnhin formations and the a])sor])tion of these rocks into 
the general magma of ei'iiptiv’e nia,t(‘rial which now a{)p(‘ars as gneissj 
The intrusive eharaetcr of soTiie of tlui giunss, which might b(^ n‘gar*ded 
as proof of its iT^ally igneous origin, is aceonnbnl for by wind is ealh'd 
an “ aquo-igneous fusioiC’ of some parts of tln^ sedimentary roeks, and 
their intrusion into hiss comphitely metamorphosed portions of the H(‘ries. 

(3) Prol>a])l 3 '’ the great majority of geologists now adopt in sonni form 
the third opinion, that the oldest or so-ealle.d “ Ar(dia‘a,n ” gmdsses ar(‘ (‘ssen- 
tially erui)tive rocks, a.nd that th(‘.y should be compar(‘(l with the larg(*r 
and more deeply-s(ia.ted hosses of iiitrusivci material now visibh* on tlui 
earth’s surfacai. \Vheth(*a' thciy W(ire portions of an original moltim magma 
protruded from Ixuniath tlui crust, or wer(i produced ])y a nd’usion of already 
solidified |)ar6s of that crust or of amuhiiit sediimnitarv accumulations laid 
down upon it, must lx‘ mattiir of sp(‘culation. In tlni gathering of a.elual 
fact we (iannot go beyond tlniir ch;ira,eter as ern ptiv(‘ roeks, which is th<i 
(‘arliest condition to which they ca-n be tracaxl, and W(‘ must conmajuently 
plac(i them in tlui same griiat s(iri(‘s as all tlui later (‘ru])tiv(‘ matorials 
with wliich g(iology lias to d('al. It is (piite true that th<‘y Iiavij he(*n 
profoundly modificul sinca^ their original extrusion, hut trae(‘s of their 
original (diameter as maHses of inolah;, slowly crystallizing and segia^gat- 
ing matevrial liave not been entiredy (dlaeed. 

Ijooking at the gncdHB(‘H as a whohi, wit h ihivir various aceompaniments, 
wo find them to form a coTnplmx asstmiblage of crystallimi rfH'ks which, 
though generally jiresenting a foliated striu^tun*, pass occasionally into tin* 
amorphous condition of ordinary eruptive I'oeks. In ('omposit ion tln*y 
range from granite at the om*, end to peridotites and s(*rp(*ntin(*H at tin* 
other. Hand-specimens of these rocks in their amorpliouH or uidoliatcid 
condition do not differ in any essenti/d h^atiin* from tin* material of 
ordinary intrusive bosses in later |>oi'tions of tlni terrestrial ciaist, and 
the same similarity of structure is l>orne out wluni thin slicres are< placcnl 
under the microsco|)e. 

The most convincing proofs of the really c*.ruf)tive natur<*, of the 
gneisses are to b(3 fomnl in those tracts wlu^re tln‘y have uinb*i'gone 
least disturbance, and where therefore the way in whi(*h they traverse 
the adjacent rociks can Ixi distinctly per'ceived. Tln»y are tlnwe S(‘en to 
cross many sueccssivo zones of sedimerrtury mabjrial, to s(*nd out veins 
and protnisions, and to ericlosr*. portiorrs of the adjaceurt rocks, while 
a,t the same time the siuTounding massc^s pn^sent many of tln^ familiar 
features of contact-metamorphism. Sections whcire tlnise phenomena 
* C. LawHOli, A miKul Rt'pi>rt iUinml'mn O'/v/Z. Sifrr. ]K87. 
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can l 3 e satisfactorily observed are no doubt comparatively rare, for in 
general the rocks have been so crushed and recrjstallized that their 
original relations have been destroyed. It is in consequence of these 
subsequent movements that so nauch difficulty has been found in de- 
termining the igneous nature of the gneisses and their intrusive character 
with reference to the rocks adjacent to them. The ahundant veins which, 
as in ordinary granite bosses, proceeded from the original gneiss have 
been compressed into long parallel bands whicb seem to alternate with 
the schists among which they were injected, while portions of the sur- 
rounding rock enclosed within the gneiss have had a foliation super- 
induced upon them parallel to that of these bands. Any one who first 
studied the older rocks where such structures are visible might easily be 
deceived into the belief that these alternations of parallel strips of gneiss 
and schist, or gneiss and limestone, really represent a continuous sequence 
of sedimentary material. Nor would he readily perceive his mistake until 
he could trace the junction-line into some tract where, by cessation of the 
deformation, the original relation of the two groups of rocks could be 
observed.^ 

It is not difficult to obtain conclusive proof that in the complex assem- 
blage of rocks constituting the lowest gneiss there are nob only differences 
of composition and structure, but also differences of relative age. Some 
portions of the series can be distinctly seen to have been intruded into 
others. True dykes can he traced among them, both of acid and basic 
composition. In the north-west of Scotland, for example, the general 
body of gneiss is traversed by a multiplicity of dykes, cutting across the 
oldest foliation of the gneiss in a general north-westerly direction (Fig. 364). 
A detailed study of such an area reveals the fact that the fundamental 
rocks represent a prolonged series of igneous protrusions. As this com- 
plicated mass of eruptive material has subsequently undergone profound 
alteration by dynamo-metamorphism, the difficulties in unravelling its 
history need cause no surprise. 

Leaving out of account the dykes which undoubtedly mark later 
injections of igneous material, and confining our attention to the general 
mass of gneiss in its variations from an amorphous or granitoid condition 
through the coarse banded varieties to the finer schistose types, we may 
pursue the history of these puzzling rocks by comparing them with the 
larger intrusive bosses and sills that have accompanied the volcanic 
eruptions of all geological periods. In deep-seated and slowly cooled 
masses of igneous material, as has already been pointed out (pp. 232, 711). 
we may frequently observe evidence of the segregation of the component 
minerals in bands or irregular patches. Such a segregation seems to have 
taken place sometimes after the erupted rock had come to rest, sometimes 
while it was still in movement. In the latter case the layers of separated 
materials have been dragged forward, so as not only to acquire a handed 
or streaky structure, but, as in the Tertiary banded gahbro of Skye, a 
crumpled and plicated arrangement, strongly resembling that of some 
ancient gneisses. How far the characteristic arrangements of the 
^ See A. C. Lawson, JiulL (kol. f^oc. Amer. i. (1890), p. 184. 
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minerals in the coarse- banded gneisses may have arisen from a process 
of this kind in the consolidation of originally eruptive materials, remains 
still an open question, though the progress of research favours the idea 
that such has really been to a large extent their sourced 

It is certain, however, that, besides this original banded structure, ^ 

the gneisses, as the result of much mechanical deformation, have had other 
and later structures superinduced upon them, sometimes at successive 
periods of disturbance. The most massive granitoid rocks have thus 
been crushed down under great strain, and have recrystallized as fine 
granulitic gneiss or mica-schist. Epidiorites and amphibolites have by 
a similar process been converted into hoimblend e-schists. In these cases 
the reconstructed rocks usually exhibit a finely schistose structure quite 
distinct from that of the parent mass, but with no markedly banded 
arrangement. Occasionally, however, in the recrystallization of the 
materials, segregation into more or less definite layers or centres has come 
into play, so that in this obviously secondary arrangement a certain re- 
semblance may be traced, though on a small scale, to the much coarser 
bands in the earliest remaining condition of the oldest gneisses. 

There is yet another source of difficulty in judging of the relative 
age and origin of various structures among the crystalline schists. We 
have seen (p. 728) that granite, besides breaking through the old rocks ^ 

and forming huge bosses as well as abundant veins among them, has 
sometimes been introduced into their substance in such a way that they 
seem to be permeated hy the granitic material, which, in minute layers and 
lenticles, quite uncrushed, may be traced between the foliation planes of 
granulitic gneisses and different schists. Where subsequent movement 
has crushed and drawn out such intercalated layers, younger gneiss is 
produced that simulates with extraordinary closeness some aspects of 
the most ancient and, so to say, original gneisses.- This transformation 
appears to take place even among schists that can be shown to have been 
originally sedimentary rocks. So that by a new pathway of inquiry we 
are brought once more to the old doctine of the cycle of change through 
which the materials of the earth’s crust pass. The most ancient gneisses 
exposed to disintegration on the earth’s surface have furnished materials 
for the formation of sedimentary deposits, w’^hich, after having been 
deeply buried within the earth’s crust, crushed, plicated, and permeated 
with granitic material, present once more the aspect of the old gneisses 
from which they were in the first instance derived. 

^ Tliis inference applies more particularly to the coarsely banded gneisses where the 
individual layers, consisting in great part of different minerals, resemble some of the segre- 
gation bands in eruptive masses (p. 256). There can be little doubt that, as already re- 
marked, the efficacy of mechanical deformation as a factor in the production of gneisses has- 
been pushed too far. It will account for the crushed granulitic and schistose condition, but 
hardly for the coarsely banded structure, where the layers consist of very different mineral 
aggregates. I ha\ii discussed this subject in the paper upon the banded structure of old 
gneisses and Tertiary gabbros cited on p. 256, and in the joint paper with Mr. Teall, referred 
to on the same page. 

^ See Mr. Horne’s observations in Geological Survey ReiJort for 1892, and his joint 
paper with Mr. Greenly, cited j). 729. 
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It is only ^dieii tke complex tectonic relations of tke several masses 
composing the oldest crystalline rocks are closely studied that we can 
adequately realise how hopeless 'would be the attempt to establish any- 
thing of the nature of a stratigraphical sequence among them. Where 
different eruptive materials present proofs of successive intrusion, we have 
indeed a clue to their relative age ; but such evidence carries ns hut a 
small way. The gneisses where obviously intrusive are indisputably of 
eruptive origin, but they alternate with finely schistose bands which some- 
times seem to cut them. The bedding or banding of the rocks affords no 
guide whatever as to sequence. It has been so folded and crumpled that 
even if it represented original stratification it could probably never he 
unravelled. But there is every reason to helieve that it bears no real 
analogy to stratification. It may sometimes represent, as already stated, 
layers of segregation and flow-structure in an original igneous magma, at 
other times planes of movement in the crushing of already consolidated 
material. But whatever may have been its origin, it remains now in an in- 
extricable complexity. Here and there, indeed, for short distances some 
well-marked band of rock maybe traced, but the various rock- masses 
generally succeed each other in so rapid and tumultuous a manner as to 
defy the efforts of the field- geologist who would patiently map them. 

As a rule, only where the earliest type of gneiss has been invaded 
by subsequently intruded masses can a successful attempt be made to dis- 
entangle the confused structure. Successive systems of dykes may thus 
be traced, and evidence may be obtained that powerful dynamic stresses 
affected the rocks between some of these intrusions. The dykes have 
sometimes been crushed, plicated, and disrupted until they have been 
reduced to isolated patches of schist irregularly distributed among the 
reconstructured gneiss. And through these involved and complicated 
masses newer groups of dykes have risen, to be again subjected to 
mechanical deformation (pp. 882-890). 

The question may occur to the student whether this complex system 
of evidently plutonic igneous rocks was ever connected with any super- 
ficial volcanic activity. No such connection has yet been definitely 
ascertained, hut it may be regarded as highly probable. If the most 
ancient gneisses with their dykes and bosses were the deep seated portions 
of the successive uprisings of the igneous magma which culminated in 
volcanic eruptions, we may hope eventually to discover some trace of 
the materials that were thrown out to the surface and accumulated there. 
In some of the overlying pre-Cambrian masses of sedimentary rocks 
abundant lavas, tuffs, and agglomerates have been found, indicating the 
outpouring of volcanic material at the surface during the deposition of 
these sediments (p; 891). The vast scale of some of these volcanic 
eruptions may be inferred from the fact that in the Lake Superior region 
the accumulated materials discharged at the surface attained a thickness 
which has been estimated at more than six and a half miles. It may be 
eventually discovered that some of these superficial manifestations of 
volcanic action have been connected wuth bosses, sills, or dykes that form 
part of the body of the gneiss below. 
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It must he coufcsscid tliat mueh detailed work arnoiiji^ the lower gneisses 
in all parts of the world is iie(‘ded h(‘fore th(‘ many pi-ohlems whi(‘h tlnw 
present are solved. But the following eonclusions rega-rding tlunn may 
now he regarded as estahlished : these roeks are in tlie, main various forms 
of original eruptive material, ranging from highly acid to highly basic ; th(‘y 
form ill general a eomple.x mass ludonging to sueeessive. perioils of ex- 
trusion; some of their coarser structures are prohahly due to a. process of 
segregation in still fluid ormohile, prohahly molten, material consolidating 
l)clow the surface; tluur granulitize,d and schistose (tliarai'ters, ami tlndr 
folded and erumjiled stnictunss point to suhseipicnt intense eiaishing and 
deformation ; their ajiparcmt alternations with liniestomi and other rocks 
which are prohalily of sediimmtary origin, are detaiptive, indicating no 
real continuity of formation, hut fiointing to tin* intrusive n;itur(‘ of tin*, 
gneiss. 

2. snUnirnfitrii and mlraidr 

In diflerent parts of the world enormous masses of rocks ari^ now 
known to intervene hetwemi tin*, ohhsst or “ Arelueaii gneisses, and t ln^ 
hottom of the fossiliferons series of format ions. It wa.s in ( ‘anada tlmt 
these roc^ks were first studied. Logan and Murray grouped them under 
the general name of Iluronian, and they wm Indie, vijd to fill up tin* gap 
hctweeii the Jiaurentian gneiss on the one hand and the I^>tsdam sand 
stone or base of the fosHiIif(*rous series on the otlnu*. Later more, detailed 
study of these rocks in (tanaila and the adjoining rigions of the ( 'nit«*d 
States has shown tlnmi to possess even a grea.t(U’ importama* than their 
original discoverers imagined, for th(^y havi^ Ixaui found to eemsist of 
several distinet groups or systiuns, attaining a vast thic^kness and presiuit 
ing a record of stiqxmdous disturbances, denudations and (hipositions 
of sediment, together with memorials of extmisive and [irolonged vtdeanie 
action. In the higher members of these Hcdimmitary dc'posits, distinet 
remains of animal life hav(5 in several n^gions been found. 'Fhere is thus 
opened out the possibility of the ultimate, discovmy cd a series of fossil 
iferous formations even below the hasi*. of the Paheozoic systems. 

Where Tnetamorphism has not intei’huaal wit.h tin* recognition <if their 
original chaiucters, these ancient sedimmitary roeks presmit no Htruet ural 
feature to distinguish them from the detrital aeeumuhitionH of highm* pails 
of the geological record. They consist of clays and muds hardener! into 
shales and slates, of sand com|)actcd into sandstoiu's and <jUartrJtes, of 
gravels and shingles solidified into conglomerates. Theses rocks prove 
beyond rjuestion that the jirorscsses of dmiudation and deposition were 
already in full operation with results exarttly comjiarahle to tlH>se af 
Paheozoic and later time. 

Few parts of the stratified crust r»f the earth piM‘H(‘nt greater intr^ri'st 
than these earliest remaining sediments. As the; g<‘ologist lingers among 
them, fascinated liy their anti(|uity and by the stubbornmiSH with win'rdi 
they have shrouded their secrets frf>m his anxious senitiny, Ihj not some- 
times srtarcely believe that they lielong to so remote*, a part of tlici eartii s 
history as they can be assuredly pi-oved to do. Tire shales are often not 
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more tu aj>|H*ai'aiiri* than thu^p of ( Hiul»riaii or Silurian time, and 

8knv art rlearlv lliese iIm their altmiutioiiH of finer ami coarser sediiiumt. 
The sand.Htom*^^ di-^play tlieir false heddiri^ as distiiuitly as any yovin^au* 
rock, and (»im can make «iu{ the shiftin'^ cluiracter of th(i currents ;ind 
the prevalent dirci-tioii fnun which they imiuoht the sand. The. con- 
glomenitcrt in their well rcaumhai fraginentH point us distinctly us the 
shingle of a modern hiamli to the waslt* i»f a luiuhsurfac'e and the pound- 
ing action of wave,^ along the shore. 

Not «mly are tlicse strii<‘tural <ietails precisely similar to those of 
younger detrital rorks, hiif \ve may here ami th(‘re detect the remains of 
the pred ainhrian topography from which tlui primeval sediments were 
derived, and on whieli lliey \ver*f» ric‘po.sit(‘<L Hills and valleys, lines of 
cliff and erag, rtH^ky slopes ami undulating hollows have ])eeri revealed 
hy the slow deiimbtion of the jire ( ainhrian strata under which these 
features were gra<hiaiiy Ijurird. d'o thi^dav so marvellously has this early 
land-surface hern preserved under it.s manth‘ of sediimmt during the long 
course (jf geoliJgica! tiim*, tliat ev(*n y<‘t wc* may t racti its successive shore- 
lines as it graclmdly settled down Inmcath th<» watcu's in which its detritus 
gathered. We may follow its premiontories ami hays and mark how one 
l)y one they wen* fisially stihmergecl and entoinlxHl Ixmeath their own 
wa.st(jd 

But these ancient simtified foniiaiions do not consist merely of 
clastic seditmnilsi. Thf*y include iin|w>rtant masHes of limestone and 
dolomite, sometinieii highly eryshilHiie, hut c;lHewh<n-e assuining much of 
the aspect of ordinary grey* cornfUKit Pala*o/.oie linujstoiie. Sometimes 
they contain a coimideridde amount of graphite, and some of the shales 
are higlily carlHniaeeous, In <itlier places theyy iim handed witli layers 
and seams or mniides of clnu1, in a manner dosely similar to that in which 
the (‘arhoiiiferous f jniCHtone of \\"eHti*rn Hurop<i contains its siliceous 
material SaimliiiicH ific <'liert binds are as much as forty-five*, hict thick. 
The genend eliararter of theso ndrigled I'arhomiceous, calca.n‘.ous and 
siliceous niaHM's at fuiee remiridM the olmerver of rocks which liave 
uiKbuhtedly hei'ji formed l»y the iigoncv of organic lifc^ Moreover there 
occur exteiiHi^c dc|»i»HitM of iron rar!«>nat<‘ asHoeiated lik(t the linuistone 
■with chert, ami again recalling the resultH of tln^ coa)j>(‘ratif>u of plant 
and aiiiinal lift*, llie large amount of carhorj in stmn*, of tin; shales, 
points likewise in fhe .same direction. 

It must In* I'onfcHsed, how’cver, that actual reniairi.s of nujognisalde 
organic fc#niiM ha^'c only l*ec*n fixuid in a few jda<*eH helow the Olnirilm- 
zone or hiiMc of flie C *ai«hrinn systeni, chiefly in Nh^rt.h America. Traces 
mortf or less iki.eriiiiiiiihie of MpiongeH, corals, l•(dlimHh^rIUH, hrachiopods, 
gaHtem|>««i8 mid iiir*r«wlr»maloiii4 eru«tacea, with eHpm'ially various forms of 
the family I lyolithidii*, indiemie a low fauna somewliat like that of the 
Cainhrian syMlciii ahovc.« J l.fr. Ikinads has followed a band of graphitic 

^ TIm.'M* friiliirr.^ Mr in fU»»4.-Nhifc, N.W. wJi(*r« tJui; 

Lewi^ttfi « iirir^4 if»f« iiii*! valky^, U^ph tiirli-f! iiaUi-r tlii'' ^'orrulort Sandstone, 

anrl litff t-*y nrrMf #ii,*plare«a*iit.'^ *4’ the r^?Kb^^ {|». SllO), 

0. F. Maflliett, ||«#. AV. limL St‘ir lx, f {ip. atl, 42. (\ l>. 
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quartzite for a long way in the gneiss of Brittany, and has detected in it 
the presence of what may be radiolaria, belonging to their most primi- 
tive group, the Monosphseridse.^ 

Keference may he made here to the controversy regarding the true 
nature of certain curious aggregates of calcite and serpentine, which were 
found many years ago in some of the limestones associated with the lower 
or Laurehtian gneisses of Canada. These minerals were found to be 
arranged in alternate layers, the calcite forming the main framework of 
the substance, with the serpentine (sometimes loganite, pyroxene, <X:c.) 
disposed in thin, wavy, inconstant layers, as if filling up flattened cavities 
in the calcareous mass. So different from any ordinary mineral segrega- 
tion with which he was acquainted did this arrangement appear to Logan, 
that he was led to regard the substance as probably of organic origin.- 
This opinion was adopted, and the structure of the supposed fossil was 
worked out in detail by Sir J. W. Dawson of Montreal,*^ who pronounced 
, the organism to be the remains of a massive foramihifer which he 
called JEozoon, and which he believed must have grown in large thick 
sheets over the sea-bottom. The same view was likewise taken by 
Dr. W. B. Carpenter,^ who, from additional and better specimens, 
described a system of internal canals having the characters of those in 
true foraminiferal structures. Other observers, however, notably Pro- 
fessors King and Rowney of Galway,^ maintained that the “canal- 
system” is not of organic but mineral origin, having arisen in many 
cases “from the wasting action of carbonated solutions on clotules of 
‘ flocculite ’ or, it may be, saponite — a disintegrated variety of serpentine, 
and in others from a similar action on crystalloids of malacolite. In both 
cases, according to Professor King, “there are produced residual ‘figures 
of corrosion’ or arborescent configurations, having often a regular disposi- 
tion/ The regularity of these forms was attributed by Messrs. King and 
Rowney to their having been determined by a mineral cleavage.^ Pro- 

y^alcott, IQth Ann. 2ie^. U.S. G. S. 1890, p. 552; “ Pre- Cambrian Fossiliferous Forma- 
tions,” jB. Am&r. GeoL Soc. x. (1899), p. 199 ; Congres Geol. Internal. Paris, 1900. 

^ Compt rend. 8tli August 1892. Sponges and foramini feta have also been reported from 
tbe pre- Cambrian, rocks of Brittany (L. Cayeux, Compt. rend. June 1894, Feb. 1895; B. B. 
‘G. #1 xxii. 1894, p. 197 ; Aim. Soc. Geol. Eord. xxiii. 1895, p. 52), but the organic 
nature of these supposed fossils lias been disputed (H. Banff, Eeues JaJirb. 1893, ii. p. 57 ; 
189C, i. p. 117). 

Rep. GmL Sun\ Canada^ 1858 ; Amer. Journ. JScL xxxvii. (1864), p. 272 ; Q. J. G. 3. 
XXL (1865), p. 45. Harrington’s ^Life of Sir W. E. Logan,* 1883, pp. 365-378. 

® Q. J. G. 3. xxi. (1865), p. 51 ; xxiii. (1867), p. 257. See also liis ‘Acadian Geology,’ 
2nd edit.; ‘Bawii of Life,’ 1875 ; ‘Notes on Specimens of Eozoon Caiiadense,’ Montreal 
1888, tt-d Animal Nature of Eozoon,” Geol, Mag. 1895. 

^ Pr&k Rop. 3oc. 1864, p. 545; Q. J. G. 3. xxi. (1865), p. 59; xxii. (1866), p. 219. 
See also G. F. Matthew on “Eozoon and other Organisms,” from St. John, New Brunswick. 
Bull. Eat. Hist. 3 og^ Eew Brunswick^ ix. (1890), p.42. 

® Q. J. 0. 3. xxii. (1866), p. 185. 

® Professor W. Geol. Mag. 1883, p. 47. See the views of these writers, sum- 
marised in their* work, ‘ An .old Chapter in the Geological Becord with a new Interpretation,’ 
l^ndon, 1881, where a full bibliography will be found. 
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lessor Mobius of Kiel^ also opposed tlie organic nature of Eozoon, iiiaiii- 
taiiiing that the supposed canals and passages are merely infiltration 
reinings of serpentine in the calcite. In some cases, however, the “canal- 
system is not filled with serpentine hut with dolomite, which seems to 
prove that the cavities must have existed before either dolomite or ser- 
pentine was introduced into the substance. It may be admitted that no 
structure precisely similar to that of some of the specimens of Eozoon has 
yet been discovered in the mineral kingdom.^ But it must also he con- 
ceded that the chances against the occurrence of any organism in rocks of 
such antiquity, and which have been so disturbed and mineralised, are so 
great that nothing but the clearest evidence of a structure which cannot 
be other than organic should be admitted in proof. If any mineiul 
structure could be appealed to, as so approximately similar as to make it 
possible that even the most characteristic forms of Eozoon might be due 
to some kind of mineral growth, the question would he most logically 
settled in a sense adverse to the organic nature of the substance J 

The opinion of the organic nature of Eozoon has been supposed to 
receive support from the large quantity of graphite found throughout 
the older rocks of Canada and the northern parts of the United States. 
This mineral occurs partly in veins, but chiefly disseminated in scales and 
laminae in the limestones and as independent layers. Sir J. W. Dawson 
estimates the aggregate thickness of it in one band of limestone in the Ottawa 
district as not less than from 20 to 30 feet, and he thinks it is hardly an 
exaggeration to say that there is as much carbon in the “ Laurentian 
as in equivalent areas of the Carboniferous system. He compares some of 
the pure bands of graphite to beds of coal, and maintains that no other 
source for their origin can be imagined than the decomposition of carbon- 
dioxide by living plants.^ The organic nature of all graphite, however, 

^ ‘Palseontographica/ xxv. p. 175; Nature, xx. p. 272. See replies by Carpenter and 
Dawson, Nature, xx. p. 328 ; Aouer. Joiirn. JSci. (3) xvii. p. 196 ; also Amer. Joicni. Sci. 
(3) xviii. p. 117. A. G. ISTatlioi-st, Nenes. Jakrh. 1892, i. p. 169. 

^ The nearest resemblance to the “ canal-systcni of Momoa I have seen in any 

undoubtedly mere mineral aggregate is in the structure known as micropegniatite, where, 
in the intergrowtli of quartz and orthoclase, arborescent divergent tube-like ramifications of 
tlie one mineral are enclosed within the other (.see Fig. 4). Mr. Eudler, who called my 
attention to the resemblance, .showed me a remarkahle micropegniatite, brought from the 
Desert of Sinai by Professor Hull, in which the Eozooiial arrangement is at once suggested. 

^ Whitney and W'aclsworth in their ‘Azoic System’ (Bnll. Mns. Comp. Zaol. 

1884, pp. 528-548) give a summary of the controversy, and decide against the organic 
origin of Eozoon. From the zoological side also Edmer and Zittel decline to receive 
Eozoon as an organism. In the pre- Cambrian rocks of Bohemia and Bavaria specimens were 
some years ago obtained showing a structure like that of the Canadian Eozoon. They 
were accordingly described as of organic origin, under the respective names of Eozoon 
hohemiewn and M. kmcricim. But their true mineral nature appears to be now generally 
admitted. The original ‘ Tudor specimen ’ of Eozoon figured by Dawson has recently been 
re-examined by Prof. J. N. Gregory, who decides agaimst its organic origin. Q, P. (}, E. 
xlvh. (1891), p. 348. 

^ See Whitney and Wadsworth, ‘Azoic System,' p. 539, and the suggestive paper by Dr. 
W emsdien\ E&Ctsck Kryst. Alin. 1897 ; likewise the remarks made ante, p. 270, on the 
researches of M, Moiflfsan on metallic carbides. 
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can hardly now be maintained. In Canada and the United States it not 
only occurs in the limestones, but in pegmatites and running in veins 
through the gneisses. So intimately does it penetrate some of these rocks 
as to suggest that it may have found its way in the form of gaseous or 
liquid hydrocarbons from some underlying magma. 

An important and interesting feature of the pre-Cambrian sedimentary 
rocks is the occurrence among them of abundant proofs of extensive and 
prolonged volcanic action. Sheets of lava having an aggregate thickness of 
many thousand feet are interstratihed Avith coarse and thick volcanic con- 
glomerates and tuffs. The eruptive rocks include both basic and acid 
varieties, for among them are found diabase, melaphyre (often highly 
amygdaloidal), porphyrite, gabbro, quartzless and quartziferous porphyry, 
rhyolitic felsite, augite-syenite, and granite. Some further details regard- 
ing these masses will be given in subsequent pages. In the Lake Superior 
region the amygdaloidal diabases and the conglomerates are largely 
impregnated Avith native copper. 

While in some regions the original characters of pre- Cambrian 
rocks, sedimentary and eruptive, are as easily determinable as those of 
any ordinary Palaeozoic series, in others they have been more or less 
effaced by subsequent geological revolutions. Gradations can sometimes 
be traced, as in the Penokee district of Wisconsin, from greyAvackes 
and slates through stages of increasing metamorphism into mica-schists, 
which present every appearance of complete original crystallization.^ 
The limestones have passed into the condition of marbles ; the iron 
ores, probably originally carbonates, have become oxidised into limonite, 
haematite, and magnetite, Avhile the ore has been concentrated into separate 
masses. The ‘^greenstones’^ have passed into the condition of true 
schists.*^ Some of these metamorphosed areas present so many points of 
resemblance to the lower gneisses already described that it is not at all 
surprising that they should have been confounded, and that their true 
relations should only have been made out after much controversy and 
long-continued detailed study. 

During the discussion as to the true relations of these pre-Cambrian 
stratified and eruptive rocks to the coarse-crystalline banded gneisses 
above described, it was pointed out that in some sections a complete and 
strong unconformability occurs betAveen the two series. ISTo doubt could 
there exist as to the enormous break that separates them. In other regions, 
however, the lower gneisses Avere shown to be so involved with schists, 
limestones and conglomerates that no satisfactory separation of them could 
be made, while in some places the gneiss actually crosses these rocks in- 
trusively. Each country or district may present its own phase of the 
problem. At present, as already stated, no means exist for determining 
the true correlation of the pre-Cambrian rocks in separate, and especially 
in distant, areas. If we admit that the loAvest gneisses with their accom- 
paniments form an eruptive assemblage of Avhich the component portions 
may belong to Avidely different periods’ of time, it is quite conceivable 

^ R. D. Irving and C. R. Van Hise, IQith Ann. Rep. XI. S. G. S. 1890, p. 434. 

2 G. H. Williams, Bull. II.S. G. S. No. 62, 1890. 
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that a certain group of sedimentary formations may be found in one 
district to lie unconformatly on these gneisses, and in another to be 
pierced by some of tbeir younger members. 

There is likewise some difficulty in fixing the upper limit of the 
pre-Cambrian formations. Where the Cambrian rocks lie on them uncon- 
formahly the obvious stratigraphical break forms a convenient line of 
division. But in some countries a thick mass of conformable sedimentary 
rocks underlies the Oleiiellus-zone -which has been taken as the base of 
the Cambrian system, and in these instances the line of separation 
becomes entirely arbitrary. Sections of this nature are of great value, 
inasmuch as they impress upon the geologist that the artificial character 
of the divisions by which he classes the geological record is not confined 
to the fossiliferous formations, but marks also those of the pre-Cambrian 
series. Unconformabilities, even where wide-spread, cannot be regarded 
as universal phenomena,^ and though of infinite service in classification, 
should he employed with the full consciousness that the blanks which 
they represent do not indicate any world-wide interruption of geological 
continuity, but may at any moment he filled up by the evidence of 
more complete sections. 

With regard to the comparative value of the pre-Cambrian rocks in 
the chronology of geological history no precise statement can be made ; 
but various circumstances show that they must represent an enormous 
period of time. We shall see in succeeding pages that from the general 
character of the Cambrian fauna it must be regarded as certain that life 
had existed on the earth for a long series of ages before that fauna 
appeared, in order that such well-advanced grades of organisation should 
then have been reached. One of the most interesting chapters of 
geological history 'would be supplied if some adecjuate account could he 
given of the stages of this long pre-Cambrian evolution. 

Burther, the mere thickness and variety of the pre-Cambrian formations, 
together with their unconformabilities and other structural features, 
suffice to prove that they represent an enormous chronological interval. 
In North America, where, so far as at present known, they are most 
extensively developed, they are estimated to attain a thickness of more than 
65,000 feet, or upwards of twelve miles, and have been regarded there 
as chronologically q[uite equal to the whole of the rest of the geological 
record. Even when we eliminate the bedded volcanic rocks from the 
computation and reduce the remaining sedimentary series to the lowest 
allo'wable dimensions, an enormous mass of stratified material remains, 
which, even if it had been uninterruptedly deposited, would have required 
a period of time comparable to probably more than that taken by the 
whole of the Palaeozoic systems. Eut we know that the deposition was 
not continuous. Both in North America and in Europe there is clear 
evidence from marked unconformabilities that it was broken by epochs of 
upheaval and by long periods of extensive denudation. It is evident, there- 
fore, that we must assign to the records of pre-Cambrian time a far more 

^ Mr. VanHise has suggested that “some of the larger unconformities mav be inter- 
continental in extent,’’ lQthAn%. Rejo. U.S. O. S. (1896), p. 733. 
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important chronological value than has generally been apportioned to 
them. 

If, as already stated, it is impossible in the present state of science to 
find any satisfactory basis for the correlation of the oldest gneisses in 
distant and disconnected regions, it is not more practicable to establish 
a basis of correlation for the pre-Cambrian stratified formations. The 
evidence of fossils hardly as yet exists, and mere lithological characters are 
in such circumstances of little value. All that can be done at present is 
to work out the succession of rocks in each well-defined geographical and 
geological area, giving local names to the stratigraphical groups or 
systems that may be established, and trusting to future research for some 
method of possibly ascertaining the parallelism of these divisions in 
different parts of the world. Hence in the following summary of the 
characters of the pre-Cambrian rocks in the Old World and in the New 
no general terminology will be attempted, but in each country the names 
and divisions adopted there will be given. 


§ ii. Local Development. 

Britain. — Much attention has been given in recent years to the pre-Cambrian rocks 
of the British Isles and a voluminous literature has arisen concerning them. Kocks, 
however, have been claimed as pre-Cambrian which are certainly eruptive masses of 
later date than parts of the Lower Silurian series. Others have been assigned to a 
similar position, though their relations to the older Palasozoic rocks cannot he seen, 
while others again cannot properly be disjoined from the lower portion of the Cambrian 
system. In the confusion which has thus been introduced it will he most satisfactory 
to restrict attention to those rocks and areas about the true relations of which there 
appears to he least room ibr dispute. 

In no part of Europe are pre-Cambrian rocks better displayed than in N.AV. 
Scotland, where, as already described (p. 792), they have undergone extensive regional 
metamorphism. Their position, previously indicated by Macculloch ^ and Hay 
Cunningham/-^ was first definitely established by Murchison, ^ who, with Nicol as his 
earlier colleague, showed that an ancient gneiss is unconformably overlain with a thick 
mass of dull red sandstones, above which lie (also unconformably, as was eventually 
discovered) quartzites and limestones containing fossils which he referred to the Lower 
Silurian system. He regarded the red sandstones as probably Cambrian, and after 
proposing the terms Fundamental and Lewisian for this underlying gneiss, he finally 
adopted instead of them the term Laurentian, believing the rocks to be the equivalent 
of those which had been studied and described by his friend Logan in Canada.^ The 


^ ‘A Description of the Western Islands of Scotland,’ 1819. 

- ^ Geognostical Account of the County of Sutherland,’ Highland Soc, Trans, viii. 
(1841), p. 73. 

^ Brit. Assoc. 1885, Sect. p. 85 ; 1857, Sect. p. 82 ; 1858, Sect. p. 94 ; Q. J. O. S. 
xiv. (1858), p. 501 ; xv. (1859), p. 353 ; xvi. (1860), p. 215 ; xvii. (1861), p. 171. Nicol, 
Q. J. Cr. S. xiii. (1857), p. 17 ; xvii. (1861), p. 85 ; Brit. Assoc. 1858, Sect. p. 96 ; 1859, 
Sect. p. 119, 

^ In the elucidation of the true relations of the rocks to each other in the N.W. of 
Scotland later geologists have taken part, more especially Dr. Hicks, Professor Bonney, Mr. 
Hudleston, Dr. Callaway, and above all, Professor Lapworth and the officers of the Geo- 
logical Survey. The literature of the subject, up to 1888, will be found condensed in 
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subsetitient discovery l»y tli*- tdlin-rH i»f tlm tmibgkml 8urv**y that the nr//ifi}~yAnn% 

or base of tlui Ca«diriaii (nrun* |mrt of tins ierkn of c|uitrt7,it<'H, doloiiiiUw, jukI 

limestones,^ proved foriiatinitH to !«* of Carwhriiin ago. Tho <|iiarixito at; the 

bottom of the Camlnniiii Ht-rio?* in thi* north -weal of Hocitlainl ro|Kisi*H with a ntrong un- 
conformability, sometinica on t,!io it* 1 woinotimea on the gminn, Hv.ticAi thr*.se 

last two distinct groiipn of rr»*'k w«*ri* tliua ili^linitidy proved to Im pre-Cambrian. As 
they differ so Htrongly from oarh othm*, tlndr r«'spoetivn hmitH can bo oiwily followed, 
and as they extend over a iinifotl area id Iiundroda of wjtiaro ndlen in the iiorth-W'OHt of 
Scotland they afford alMindinit o|»j»ortmdti«,*H for tlie most detailed exainination. The 
rocks of this region may !«’ nnangi'd in di^seonding rn’der mb in this following table 

' Itolomitr^ and LiiiieHtouiss of DumeH^ with mmiermw fosnils 
(’aiiihrian and pimaildy low#it Kihirlau horixonn 

f|». tmi, 

i Herpulil#’ grit aiol ** Fneoid beda,'* with Halteirlla and 
I ii$lr-nr^un OlcindhiN zone. 

I ^lnarl/ite'4 with idnindant worm -burrows. 

1 1 iiooiiiVirinahlhty. j 

I I Hill red f».iiid’4oiieH. dnile^i, and eonglonierates attaining a 
* tliiekn»-*oi of at lea4 H0(H) or 10,CKKi feet, the upper limit 
I bring lo%i by deimduiion lUlil tmi-onfornialiiUty. 

I Hiroiig iiiwonforniaidUty. J 


Candsriaii. 


Pre-Cambrian. 


% 


f i'mm*- utmHrnm and Mchids di^iiviil by nirehanii'al did’ormation 
j iron* a eomplex .aggregate of eruptive roitks of different ag<*H. 
\ In one urea then* appears to bi? a grou|» of still more ancient 
j wdiiiiriititry nw'kM tlirougli which the gneisHUH have been 
I intruded* 


Lkwibian. — -The ohlent giiciHMea of Hcotbind form the Isle of Lewis with the rest of 
the Outer Hehridi^s, and extend in an intcirnipted band on the mainland from Cape 
Wrath at least as far tm f*i«'li iHiirh. For I bis important and well -defined group 
of rocks the name L’lvi^iiati, propose! by .Mnreliison, seems most appropriate. Ah 
originally studied, it wa^ thoiigbl to hi* a <romparatively simple formation. Its 
foliation - planes, like tliow» of otioo’ similar naiks, were snppimeii to mark laycTH of 
deposit, and to show* that tli»T rorksi %vrre metamorphosed sediments. It Wfw believed 
to have l)een thrown into sleirp anfi* liial and sym linal foldn, of which the axes ran in 
a general north- westerly din'ctimn The detailed mapping of the n^gion by the (bse 
logical Survey, however, Iia’< ?diowi} ihaf the apparent beiifbng ia wlndly deceptive, and 
that the seeming simplicity giv*-'=» plaeir f#, an extraonlimirily complex stnieturc.'^’ 'Fin* 
rocks have been asrerbli lied it* ed'fwe great ^r*tnim ; (Aj an inirieafe Intermixture 

of various basic, internirdialc, and a■•'■id inafenalN, which eon^itutc by far the largt'st pro- 
tK)rtionofthe whole, and have Iw-en lermed the Fundamental complex/’ and fli) a succes- 
sion of dykes, by whicfi the eofiiplrs in pr<'d*amhrian time lrt«en travfirsed (Fig. .TH). 

(A) The fiimianiffnliil and |uedoniinaiit part «#f the Lewdshm f^ericH cf»mii?*t« td varifuis 
more or less IfandesI, but. Monelime?* and nmmiv»% ivhli;li have all laten 


the Iteport by the H*.iriey, in y. »/, .v. vrd, ;%bv. p, tj/H, Tlii? norre 

imfKirtant annoiniceriienls i|wt date will referred lo In the Hrqticl 

^ Bril. AsMfit. iHtll, p, m%, Vmirhmtnl lb.?riii% t/. /. S, sivili. (IHfHiL p. 227, 
and the Annual and Hniiifiiaries ef Frr»Kfrii»4 ol ihe (♦rological .Survey fn»m l.Hlb’i 

onwards. 

On the giiefe of X.W* S^rolkinl, (/. •/. *% xliv, i |hhh|, p, .‘f/H, %vbi*rif tho work rd' 

Messrs, Peiwh, Ibiriie, Cliiini, flofigb, iliiMfiiaii, and radeli ?uimiitiiri..^rd, A dctallc*d 
oflicial memoir on tlii* r#f Ion i» insw in pn^pat mtini#, Thu pie •( 'afidudait ilelbriimtirm dcMc.ril >e(l 
in the text k much imire Mcknt t\mu tlii? truioiwl iijetanieirplii^iii dheiiftwcd p. 792. 
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included in the general appellation of gneiss. This oldest and main constituent, re- 
garded simply from the petrographical point of view and without regard to theoreticial 
questions as to origin, has been classilied by Mr. Teall in tint following live chi(ff 
types. ^ I. Rocks composed of ferro-iriagnesian minerals, without felspar c>r <{uari/ : 
(1) Pyroxenites ; (2) I-Iornblendites. II. Rocjks in which ])yroxenes an^ the dominating 
ferro -magnesian constituents, felspar always ]U’esent, and in sonn^ cases quartx : i. witli* 
out quarte : (a) Hypersthene-augite-rocks, with garne-t (pyroxene granulites) ; without 
garnet (rocks of the Jialtiinore-gabbro tyj)e) ; {h) Augite-nxjks, gald>ros in strindure and 
composition, but forming })art of the fundamental complex, and often associated with 
quartz-bearing rocks of a similar e-haraeter : ii. with <iuartz ; augite-gneiss, HI. Rocks 
in which horiddende is the dominating ferro- imigiuiHiau constituent : i. without (puirtz 
or contiiiniiig it only in small quantity ; rocks l>asic in composition : («) Massive or only 
slightly foliated ; anqdiibolites with ejndotc, zoisite, or garnet ; {h) Foliatc<l ; hornhlendc;- 
schist (frequently foliated dykes) : ii. with (juartz ; rocks interm<!diat({ or a(ud in 
composition ; (a) Rocks with compact hornblende and a granular structure (hornhlende- 
gneisa, proper) ; (h) Rocks with hornblende in fibrous or otbm* aggrcigates ; (c) hocks 
with compact hornblende and a more or less granulitic structure (granulitii; horublcmb*- 
gneiss). IV. Rocks in which biotito is the dominating ferro-imignesian constit uent ; 
felspar and quartz both present : {<0 Hiotite oc,ciirring as inde'jiemhuit plates or in 
aggregates of two or throe largo individuals (hiotite-gneiss, prop<*r) ; {h) Hiotite occurring 
in aggregates of numerous small individuals (a rare typ<0 ; ((’) Hiotite occurring as in- 
dependent xilates, structure granulitic. V. Rocks in wdiich muHtsovite and hiotite are, 
|)resent, together wdth felspar and quartz — muscovite-liiotite-gneiss. 

Although the rocks of these five groups find on the whole their muirest analogiiis 
among deep-siuited eruptive inasHcs, they include in at h^ast one district {‘<*.rtain rocks, 
imobably of sedimentary origin, consisting of miira-HidiistH, grapbitiisscliistH, (piartziteH, 
and siliceous granulites, limestonoH and dolomites, chlorite-schists, kyanite-gneiH.M, and 
.sillimanite-garnet-schist, to which further reference is madi* on p. BOO. 

(B) The system of dykes liy which tlie fundamental complex is traversed has been 
arranged by Mr. Teall in the following five petrographical types. I. Ur/mA-BAHic : 
(rt) Massive, jicridotiteH ; {b) foliated, talcose schists containing (tarbonsitcs and some- 
times godrite. II. Bask;: (rt) Massive,- —dolorite, epidiorite ; (6) Foliatetl, —hornhh'nde- 
schist. Ill, Dykks OF PECULIAR COMPOSITION : (a) MicrocHne-mica-rocks ; (//) Biotite- 
diorito, with xnacropoikilitic xdagiochtso. IV. Giianiteh ' and Oneih.hokk cuanitkh: 
Biotite* granite with microclino. V. Fkcmatites: Microcline-quartz rocks with a 
variable amount of oligoclaso or albite..*-* 

In some jiarts of the region, where deformation has been least, the rocks have retained 
much of what was probably their original character, and can bo recognised us syiuiitc', 
diorite, gabbro, peridotite, incrite, pyroxene-grannlite, or other massive amorphous 
member of the eruxitivc rocks. From these structureless areas, gradations can he traced 
into well foliated masses and into coarsely-handed gneisses, where the mineralH have 
segregated into lenticular bands and elliptical or irregular (smeretions. Though it may 
often he didicult in practice to distinguish types of structure among these ro<;ks, two 
such types may in many instances bo recognised. In the lirst place, there is the haiitlefl 
or segregated structure, in which the {iredominaut mineralH have separated out frenn 
each other, and have crystallized more or less a])art, often in coarse aggregations, f<»rm- 
ing in this way distinct hands or folia, which, since they are often crosHwl by the planes 
of foliation (Figs. 362, 368), are evidently older than the development of these |>lanes. 
The bands consist sometimes of jiyroxenc or hornblende, with little or no plagiodase, 
or of plagiodase with small quantities of the ferro -magnesian minerals and quartz, or 
mainly of plagiodase and ([uartz, or largely of magne.tite. This structure probably 

^ Ann. Itep. Oeol. ^Snrv. 1894, jx 280; 1895, p. 17 of Reprint. 

- Ann. Rep. <hol. ^irv. 1895, p. 18 of Reprint. 


beloiij 
many 
doleri 
the si 
of the 
fully 

distil 
Ik 
abiur 
and I 
to CO 
dark 



liavi 

quit 

mat 

into 

aide 

jiass 

quai 

amo 

the 

mat 

ture 

sudi 

ther 


PART I § ii 


PRE-GAMBRIAN ROCKS 


885 


■belongs to tlie time when the rock existed as an erupted material. It resembles in 
many respects the segregation layers in some sills or bosses of eruptive materials (gabbros, 
dolerites, &c. ) which have cooled and crystallized slowly at some considerable depth from 
the surface. In the second place, there is abundant evidence of mechanical deformation 
of the gneiss, especially along planes in certain directions. The rock has been power- 
fully ruptured and crnshed in these lines, and has thereby accLuired a granulitized and 
distinctly foliated structure. 

Both in the massive and in the coarsely -banded gneisses of the fundamental complex 
abundant pegrriatite veins occur, which vary in width from a few inches to several yaids, 
and consist mainly of felspar and q^uartz. These grey veins, sometimes so numerous as 
to constitute a large porportion of the whole rock, occasionally enclose patches of the 
dark more basic rock around them, hut have no determinate grouping (Fig. 360). They 



Fig. 360. — Veins of pegmatite in gneiss, south of Cape "Wratli. 


have played an important part in the ultimate constitution of the, gneiss. 'W'here still 
quite traceable, but where they have come within the influence of mechanical defor- 
mation, they appear as rudely parallel and puckered bands (Fig. 361). But as we pass 
into the more thoronghl}^ foliated portions of the gneiss, the original character of the 
pegmatites is fouiid to he more and more affected, until it becomes no longer recognis- 
able in the acquired schistose structure. The dark basic portions of the original mass 
pass into rudely foliated basic gneisses, and the grey pegmatites shade into the more 
quartzose bands associated with them. Thus the derivation of the gneisses from 
amorphous igneous rocks may be regarded as established beyond dispute. 

As illustrative of the conclusion that while there seems good reason to believe that 
the segregated or coarsely- banded structure indicates a separation and crystallization of 
materials out of a still unconsolidated igneous magma, the predominant foliation struc- 
tures which traverse these bands were produced by powerful mechanical movements, 
such a section as that presented in Fig. 362 may be cited. The mineral hands have 
there been violently plicated, and have been cut through by a succession of thrust- 
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peridotite and picrite are characteristic (P). The evidence as to the relative dates of these 



Fig. 363.— Plicated "banded gneiss between masses that have been sheared parallel to the thrust-planes, 

north side of Loch Torridon. 

igneous intrusions being tolerably clear, we have here proofs of a long interval of 
subterranean activity, during which the magma that was first injected into the gneiss 



IP'al/cer ih" BoutaLlsc. 

Fig. 364. — Map of a portion of the Lewisian Gnei.ss of Ho.ss-sliire. 


Taken from Sheet 107 of the Geological Survey of Scotland on the scale of one inch to a mile. The 
white ground (^) marks the general body (fundamental complex) of the gneiss, traversed by dykes 
of dolerite (B), which are cut by later dykes of peridotite, picrite, &c. (P). All these rocks aro 
shifted by faults or thrusts and overlain uncoiiformably by the Torridon Sandstone if) with its 
intrusive sheets of oligoclase-porphyry (F). Dip of foliation shown by arrows. 


in such basic form as dolerite parted progressively with its more basic constituents until 
it became in the end quite acid. It is interesting to find, even among the most ancient 
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rocks of Britain, a sequence of eruptive materials, from "basic to acid, like that 
which appears so markedly among the Paljeozoic and Tertiary volcanic phenomena 
(P.-709). 



Pig. 305 —Foliation induced in a granite vein in gneiss, Loch Laxford. 

After the injection of these various eruptive materials, the whole region of the north- 
west of Scotland was once more subjected to powerful dynamic movements, whereby all 
the rocks were profoundly affected. The results of these operations are found partly in 
vertical lines or bands of rupture or crushing (Figs. 364, 366), along which, sometimes for 
a breadth of 500 feet or more, the rocks have been crushed or sheared, partly in thrust- 



Pig. 3C0. -Ground-plan illustrating the deflection and disruption of the dykes in the Lfiwi.sian 
gneiss of N.W. Scotland. 

TT, Crush-line or Thrust; DD, Dyke, deflected about J mile and much compressed. The dotted lines 
show the strike of the gneiss and its displacement by the thrust ; the fine parallel lines in the dyke 
and in the gneiss mark the direction of the newer schistosity developed by the thrust-movement, 
which was in the direction of the arrow'. 

planes which are often nearly flat (Figs. 344, 369). In some instances the intrusive 
dykes remain quite distinct, but have acquired a more or less distinct foliated structure, 
the planes of foliation being parallel to those which traverse the surrounding gneiss 
(Fig. 365). But the alterations produced by these enormous terrestrial stresses are most 
strikingly displayed by some of the more basic dykes. 

Along the central portions of one of the basalt or dolerite dykes, the massive rock 
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lias been broken into oblong lenticles round which the more crushed material passes 
into hornblende - schist, while the ^ 

outer portions . of the’ dyke likewise 
become entirely schistose (Fig. 367 ; 
compare Fig. 266). So great has been 
the metamorj)hism even in the lenticles 
that the augite has been mostly 
changed into hornblende ; the felspars 
have assumed an opaque granular con- 
dition, and the rock becomes a diorite. 

The peridotite and picrite dykes have 
been converted into soft talcose schists, 
the veins and belts of granite into grani- 
toid gneiss. Such, too, has been the 
compression that in some cases dykes of 
50 or 60 yai’ds in breadth are reduced, 
where one of these thrusts or crush-lines 
crosses them obliquely, to a thickness of 
no more than four feet, while the hori- 
zontal displacement sometimes amounts 
to a quarter of a mile (Fig. 366). Be- 
sides foliation produced parallel to the 
vertical or highly inclined lines of 
movement, a similar structure has been 
superinduced in the gneiss parallel to 
the gently inclined thrust-planes. 

The influence of these later move- 
ments, not only on the amorphous dykes 
and veins, but on the general body of the 
already foliated gneiss itself, has been 
profound. Where the change has been 
most complete, a new foliation has 
completely obliterated the original 
structure. From this extreme every gradation may be traced, back to the first schistose 
structure, and thence into the original amorphous condition. In many cases this new 



Fig. 307. — Diilgraui of (lolorite tlyko cutting LewiKiun 
gneiss, representing an ari*a of about (500 square yards. 
The dark portion represents tlio dyke with its “eyes” 
or lenticles surrounded by and'passing marginally into 
hornblende-schist. The grey baud on either side ot 
the dyke is the surrounding gneiss which has been 
affected by a s(;condary foliation j>arallHl to that of 
the dyke. The arrow shows the direction of nioveinent. 



Fig. 368.— Diagram showing later oblique foliation crossing the original bamling of the Lewisian gneiss 

(about nat. size). 

foliation has been produced nearly or quite along the planes of the old structure. But 
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everywhere examples may be observed where the alternate folia of lighter and darker 
material are traversed obli(j[uely by the newer structure, which may be perfect in the dark 
more basic bands and hardly developed in the grey more quartzose parts. 

The various terrestrial movements indicated by the complex composition and structure 
of the Lewisian gneiss must not be confounded with the post-Cambrian disturbances of 
the same region which produced the regional metamorphism already described (p. 792). 
The whole of them had been com^ileted, and the rocks in which they took place at a 
great depth had been exposed at the surface by vast denudation before the next member 
of the pre-Cambrian series was formed. The Torridon sandstone lies unconformably 
on the old gneiss, covering alike its dykes, crush-lines, and thrust-planes, by not one 
of which is it in the least degree affected. It is of course impossible to form any 
adequate conception of the length of time denoted by this unconformability. But the 
more the geologist tries to realise what the denudation of the old gneiss involves, the 
more impressed will he be with the vastness of the period which it denotes. 

Over nearly the whole of the Lewisian gneiss, so far as it has been studied on the 
mainland, no trace has been found of any rocks save what probably had an eruptive 
origin. In at least one district, however, which includes the picturesque valley of Loch 
Maree, a remarkable group of rocks occurs to w^hich allusion has already been made 
(p. 883). Though their exact relations are not without some doubt, these rocks 
appear to indicate a sedimentary series through which the Lewisian gneiss has 
been erupted. They consist chiefly of fine mica-schist, quartz- schist, graphite-schist, 
and limestone. The graphitic material occurs in bands an inch or more thick in the 
mica-schist. The limestones are persistent beds, having generally a saccharoid texture, 
and sometimes full of the usual minerals found in marble in a zone of contact-meta- 
morphism. The line of junction of this group of rocks with the gneiss is well defined, 
but does not distinctly show any intrusion of the latter, appearing rather to have re- 
sulted from movement with concomitant crushing. If these strata, so similar in many 
respects to rocks in the central Highlands, are eventually proved to be truly of sedi- 
mentary origin, they will possess a liigh interest as the oldest geological formation of 
which the stratigraphical position has been definitely fixed in Britain or in Europe.^ 

In some portions of the north-west of Scotland, especially in the north of Sutherland, 
the surface of the gneiss has been reduced, after prolonged denudation, to a kind of level 
platform on which the Torridon Sandstone has been deposited. But farther south that 
surface presents a singularly uneven character, rising into heights 3000 feet above the 
sea and sinking into hollows that descend below sea-level. In the rugged mountainous 
ground between Lochs Maree and Broom, this primeval land-surface is impressively 
displayed, for the thick mantle of red sandstone under which it was buried and preserved 
has been irregularly stripped off, and the details of the pre-Torridonian topography can 
easily be traced. 

Toreidonian. — From Cape Wrath, at the extreme north-west end of Scotland, south- 
wards for more than 100 miles, there stretches a broken belt of singular conical or 
pyramidal hills, rising sometimes to more than 3000 feet above the sea, and presenting 
alike in their form and colouring a striking contrast to the rest of the scenery of that 
region. They are chiefly built up of nearly horizontal or gently inclined strata of 
reddish-brown or chocolate -coloured sandstones and conglomerates. As they are 
abundantly displayed among the mountains that surround Loch Torridon, one of the 
most picturesque inlets in the north-west of Scotland, they were called by Nicol the 
‘‘ Torridon Sandstone.” They were originally supposed to be Old Bed Sandstone, and 
to represent the lower sandstones and conglomerates of that system as developed in the 
east of Sutherland and Ross. After the discovery of what were believed to be Lower 
Silurian fossils in the Durness limestones, which overlie the Torridon sandstones, 

^ See Brit Assoc. 1891, Sect. p. 6*34. Similar rocks have now been traced south-westwards 
into Grlenelg. Summiry of Progress of Geol. Survey^ 1897, p. 37 1899, p. 17 ; 1900, p. 8. 
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Murchison assigned these sandstones to the Cambrian system. But the recent detection 
of the Olenellus-zone among the strata which rest unconformably upon them proves that 
they must be of still older date. They are now classed as “ Torridonian” in the pre- 
Cambrian formations or systems of Britain. 

The strata now to be described repose with a violent unconformability on the 
Lewisiaii gneiss, and are in turn covered unconformably by certain quartzites to be 
afterwards more fully referred to as forming the base of the Cambrian system. Where 
most fully developed, in the south-west of Ross-shire and in Skye, they are between 
10,000 and 14,000 feet thick. The following subdivisions have been recognised among 
them by the Geological Survey."^ 

4. Cailleach Head Group : sandstones, flags, dark and black shales and calcareous 
bands. 1000 to 1500 feet. 

3. Aultbea Group : chocolate-coloured and red sandstones, and grey micaceous 
flags, with partings of grey, green, and dark shale. 2000 to 3000 feet. 

2, Applecross Group : coarse arkose, with p)ebbles of vein-quartz, quartzite, quartz- 
schist, mica-schist, felsite, jasper, &c. 4000 to 5000 feet. 

1. Diabeg Group : hard red sandstones and grits, grey greywackes, red mudstones, 
dark grey and black shales, limestone and calcareous bands ; 500 feet and 
upwards, but increasing westwards in Skye to perhaps 5000 or 6000 feet, and 
consisting there chiefly of grits, which at the base are highly epidotic, and 
include on the mainland a conglomerate which rests on the upturned edges 
of the gneiss. 

An examination of the pebbles in the conglomerates has shown that schistose or 
metamorphic rocks are rare among them except in the basal breccias and conglomerates. 
They include a number of rocks that have not been detected in any part of the Lewisian 
gneiss. The most interesting of these are pebbles of various felsites, in which spheru- 
litic and perlitic structures can be recognised, and which present a striking resemblance 
to the Uriconian felsites of Shropshire (p. 896), fragments of which occur in the 
Longmyndian rocks. 

These pebbles in the Torridonian sediments indicate the existence of volcanic rocks 
at the surface during the time when the strata were being deposited, but no such 
rocks have yet been met with in place in the north-west of Scotland. The conglom- 
erates at the base of the Torridonian series are occasionally so coarse as to deserve the 
name of boulder-beds. Sometimes, indeed, where the component blocks are large and 
angular, as at Gairloch, they remind the observer of the stones in a moraine or in 
boulder- clay. The sandstones or arkoses of the thick and characteristic Applecross 
group are in large measure composed of pink felspar, derived from such rocks as the 
pegmatites of the surrounding gneiss. An occasional thin band may be found in the 
lowest group, consisting largely of grains of magnetite and zircon, whence we learn at 
what an ancient epoch in geological history heavy and durable grains were separated out 
from the more ordinary sediment (see p. 163). The highest visible or Cailleach Head 
group, and also the lowest (Diabeg), include shales, limestones, and calcareous bands, 
which have been carefully searched for fossils, but hitherto without success. Certain 
track-like and other markings are suggestive of organisms. Perhaps a surer indication 
is afforded by the occurrence of phosphatic nodules in the dark micaceous sh^-les of 
Cailleach Head, which may he of organic origin, and in which Mr. Teall has detected 
under the microscope certain spherical cells with brown-coloured fibres in them, that 
appear to be debris of organisms.^ 

Thick as the Torridonian groups of strata are, they represent only a portion of the 

^ Ann, Rep. for 1893, p. 263. 

Mr. Teall, A7Ln. Rep. Geol. Surv. 1895, p. 20 of Reprint. 

^ A. G., Nature^ xxii. (1880), p. 402. 

^ Summary of Progress of Geol. Suro. for 1899, p. 185. 
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{HTiod which they rccorti, Ihr tJicir hi » 
rests uiicoirinnnahly ant! at (iiUcri'nt h(»riz<»t*'* 

Lewisiaii |j;nci.sH, while their upward pndMii|,:u!iMij 
above, the higiic.st rcniaining group Iuih been r* r | 
by (humdatiori. There ciuj be no doubt fieri ft*’ 
interval between the deposititui of the high*' ri vi is i*" 
portion of the Torridonian serie.n and tlie lui’o* It- 
('ainlu’ian tbrination.s must have been of 4 

duration. For not only liad the rerl sand-stMur t f ii 
nprai.s»Mh hut they luid been prohuiiidly treie le d 1 y 
ileiiinlation. So vast and tineqiial was lb‘ 
that while at one place the lower <pnirt/ilen erii 
reposing (HI dOUO bi 1000 feet id’ ?'aiel , 

at another indy a few niih‘M distant tiny re>»l du^ rtlv 
on the lawvi.sian grieisH, tin* interveudJig lui n* 
group of strata having hcuui entir«dy hareii aw av.^ 

As already ili'serihi'il {p. th» re ar*' 

tnietH where the pre-Ciunbrian roeks i|o no? r* nsuiu 
in their original positions^ hut have been pirdi* d 
into their present jdaet^s by great Hiibteriiiiie.ij} di> 
turbaiKU'K, aiiil have aetually heiui sluivefl f»v» r riiiri » 
of n-eiignij-ahiy (hiinhrian age. In tin* »bbjil»»i 
a<a*ount above given of the stnn tnn* of noiili w» m! 
vSciitlaiul it washhttwn that by these earth nio^enirnf i 
.slice after slicay sonn*tiine.H gigantic in 
of tlie Lewisian gneiss lunl <if tin* 1V»rrbioniafi '!ai}<b 
stone have been shorn fiaun the inass i4 tin » 
fornnithms hejow ground, have bei'ii pilcfl cUi*' *?ii fli* 
otln*r, and have been driv«»n hir ndles westward 
the Cainhrian strata whitdt originally lay iibov»r* f h* in ; 
that the rocks Hubj«»etetl to such enfuiinui’4 
ilislijcation, arnl tleforniation have midergonr 
metainorjdii.sm ; and that finally by a giganti* rn|e' 
tun? and thrust a thick series of gnei?»H<»M* tiag^lonr^i 
(‘‘Moino sehi.sts”) has betui hrinight f«invai*l It)- 
way of further ehiei<iation of thin ex:tra«*r4iiiiii v 
stnictun^ the annex»*ii section is given (Fig, d»*b|. 
it will he seen what an enonnoiiH imdy af giisu'*;* lui-^ 
here been displaecil and pushed over the r#iiii!»ririii 
strata, which in turn have been cut inlf> and 

piltnl up above and agaiimt eiieli oth«*r. Aiwdig 
alterations of the Torrldon .Mandstcini*s on** r4 llii* 
most interesting iathe production of pegutiilifir fr|ti% 
in them, like thoHo which travcr»« eriiptiv*- lor'Iss. 
These strata have been lU'iwhed and stret*’'li*’il iii 
sucdi a manner that ruptur«4, often Ientiriil«r in 
form, have been produeed in thenn In tlie r.ii%'itlra 
thus caused there has been a d«'position nf 
and of quartz ami pink felspar (Figs, 2flH «}id :iir» , 
Of many of the rocks which have lieeii 
displaced and metaincirphiwcd, it is extfniifdy 
difficult to form a satisfactory opinion regard I tig tie-' 

* This structure is sliown botli in Figs. JH-l iiiid gflp. 
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probal^le source and original condition. The larger displaced slices have preserved their 
original structure best, and there is thus little difficulty in generally recognising those of 
Lewisian gneiss. We have seen that in the west of Inverness-shire some of these slices 
are much more than 50 square miles in area. Hence in that region this gneiss probably 
constitutes a large proportion of the reconstructed schistose series which has been thrust 
westward over the Torridonian and Cambrian formations. The Torridon sandstones 
likewise can be occasionally identified, and may constitute a not inconsiderable pro- 
portion of the “Upper gneiss” of Western Ross-shire. Possibly other sedimentary 
material, such for instance as the Durness quartzites, dolomites, and limestones, 
together with any strata which were deposited above them, may have been involved in 
the gigantic crushing movements that produced the younger or eastern schists. As the 
detailed work of the Geological Survey advances the sources from which these schists 
have been derived may be more fully known. But the great fact has been abundantly 
established that the movements which pushed the rocks into their present positions and 
imparted to them their existing foliation took place after Cambrian time, and before 
the period of the Old Red Sandstone. We have thus a notable example of extensive 
regional metamorphism during the Paleozoic ages. 



Fig. 370.— Amphibolite sill in giiei.ss, Ardachy, Isle of Mull. 


Dalradian.— In the central, southern, and eastern Highlands of Scotland, that is, 
throughout the hilly ground east and south of the line of the Great Glen, an important 
series of metamorphic rocks is largely developed, the true stratigraphical position of 
which is not yet certainly known. For these, as a convenient provisional designation 
until their relations are determined, I proposed in 1891 the term Dalradian.^ They 
consist in large proportion of altered sedimentary strata, now found in the form of mica- 
schist, graphite-schist, andalusite-schist, phyllite, schistose-grit, greywacke, and con- 
glomerate, quartzite, limestone, and other rocks, together with epidiorites, chloritic 
schists, hornblende-schists, and other allied varieties which probably mark sills 
(Fig. 370), lava-sheets, or beds of tulf, intercalated among the sediments. The total 
thickness of this assemblage of rocks must amount to many thousand feet. Some of its 
members are so persistent as to form recognisable horizons, and to afford a basis for some 
approximation to a stratigraphical arrangement of the whole. In Perthshire, for example, 
the following groups in descending order have been mapped by the Geological Survey : — 

Dark schist and limestone (Blair Athol). 

Quartzite (Ben-y-Gloe). 

^ Q. J. G. A xlvii. p. 75. “Dalradian ” is taken from the old Celtic region of Dalriada, 
where the rocks are well developed. The term is not meant to describe an independent 
geological system, but as a short epithet to denote a group of rocks, of which the precise 
stratigraphical relations are not yet determined. The fullest published accounts of these 
rocks will be found in the A nnual Reports and Summaries of Progress of the Geologioal 
Survey from 1893 onwards. 
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Graphite-scliist. 

Calcareous sericite-schist, and sericite-scMst with, bands of quartzite. On this horizon 
occurs a great mass of epidiorite and hornblende-schist. 

Garnetiferous mica-schist and schistose pebbly grits. 

Limestone (Loch Tay). Hornblende-schists occur above and below this horizon (Fig. 371). 

Garnetiferous mica-schists, schistose grits, with pebbly bands* and thick bands of “green 
schists. ” Hornblendic sills begin to appear in this group. 

Massive grits with schists and conglomerate containing pebbles sometimes as large as a 
pigeon’s egg. (Ben Ledi, Loch Achray, &c.). 

Zone of slates (Aberfoyle). 

Pebbly greywacke and grit with black shales and limestone below (Pass of Leny). 

The Loch Tay Limestone has now been traced completely across the country from the 
Moray Firth through the Grampian Mountains to the west of Argyllshire, and some of the 
other zones have been followed for many miles. As we have seen, the metamorphism of 
the rocks varies considerably, not only according to their composition, but even along the 
line of strike of the same group. On the whole, the plication, corrugation, and alteration 
appear to be most intense in the Central Highlands, as indicated in Fig. 371, and to 
become less as the rocks recede from that area towards the north-east and south-west. 
One of the most singular and instructive instances of this variation is that which has 
already (p. 796) been cited as having been mapped by Mr. J. B. Hill, of the Geological 

Ben Lawers. 



Fig. 371.— -Showing the corrugation of the Dalradian series in Central Perthshire. 

1, Mica-schist; 2, Loch Tay Limestone; 3, Graphitic schist; 4, Quartz-schists. The black bands 

are sills of epidiorite. 


Survey, in the district of Loch Awe, where a series of grits, phyllites, and limestones, 
resembling ordinary Palaeozoic sediments, has been found to pass along the strike into 
the thoroughly crystalline schists of the Central Highlands. 

Although it is still impossible to express a definite opinion as to the stratigraphical 
position of the Dalradian rocks, there is reason to believe that, like the series which lies 
on the west side of the Great Glen, they may include representatives of the Lewisian, 
Torridouian, and Cambrian groups of the north-west Highlands, and not improbably also 
of a considerable mass of later, even of Lower Silurian strata. Some of the gneisses and 
gneissose flagstones are strongly suggestive of parts of the series of Western Sutherland and 
Ross. The quartzites of Perthshire, Islay, and Jura, so similar lithologically to those of 
the Cambrian series of the north-west, have yielded annelide burrows like those of Suther- 
land and Ross. Still more significant is the occurrence of what are probably Arenig 
strata wedged in along the southern borders of the Highlands. The latest orogenic and 
metamorphic stresses that have affected that region certainly took place after these strata 
had been deposited (p. 797). This subject will be further referred to in connection with 
the distribution of the Silurian formations in Scotland (p. 951). 

In the north and west of Ireland, crystalline schists and eruptive rocks cover a large 
area ; but as the rocks which un conformably overlie them are not of higher antiquity than 
the Carboniferous and Old Red Sandstone, there is no absolute proof in that country of 
their pre-Cambrian age. There cannot, however, be any doubt that it is the Dalradian 
series of limestones, quartzites, phyllites, mica-schists, epidiorites, granites, and other 
crystalline rocks, which crosses from Scotland and spreads across the northern and 
western counties of Ireland. The Irish development of these rocks is similar to their 
grouping in Scotland, some of the bands of quartzite, conglomerate, limestone, phyllite. 
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and mica-schist being probably continuations of similar bands on the Scottish mainland 
and in the islands of Argyllshire.^ But there are also scattered areas of coarsely-banded 
gneisses which present the closest resemblance to parts of the Levvisian gneiss of Scot- 
land. The best areas for the study of these rocks lie near Pettigoe and Ballyshaniion 
(Donegal), from Erris Head to Blacksod Point (Mayo), in the Slieve Gamph or Ox 
Mountains stretching from Castlebar beyond Sligo to Manor Hamilton, and in the 
western part of the county of Galway. The relations of the Dalradian series to the 
gneisses and granitoid rocks have not been accurately determined. But there is reason 
to believe that the former rests with a violent unconformability upon the latter. Near 
Castlebar, Mr. A. M'Henry, of the Geological Survey, has found at the base of the 
Dalradian schists a coarse conglomerate made up largely of fragments of the gneisses and 
granites on which it rests. 

In England and Wales, a number of detached areas of rocks have been claimed as 
pre-Cambrian, though the stratigraphical evidence for their age is not generally very 
clear. The tract where such rocks are most extensively exposed and where their strati- 
graphical position is best seen is to be found in Anglesey, Although the Olenellus-zowQ 
has not been discovered, the fossils found in the lowest strata indicate Tremadoc and 
possibly even Menevian horizons in the Lower Cambrian series.- At the base some con- 
glomerates evidently lie with a marked unconformability on certain crystalline schistose 
rocks. It was the belief of Sir A. C. Eamsay that the latter were metamorphosed 
portions of the Cambrian system, and they were so represented on the Geological Survey 
maps. But a re-examination of the ground leads to the conclusion that they had 
acquired their present crystalline characters before the Cambrian strata were laid down 
upon them ; and as these strata belong to a low part, if not the base, of the Cambrian 
system, it becomes manifest that the schists must be of pre-Caml^rian age.*^ 

Three groups of schistose rocks, which differ considerably in petrographical characters, 
have been detected in Anglesey. One of these, consisting mainly of coarse gneisses, 
abounding in hornblende, garnets, and brown mica, and with coarse pegmatite veins, 
presents a close resemblance to portions of the Lewisian series of N.W. Scotland. 
The second group occupies a much larger area, and is composed of flaggy chloritic schists, 
green and purple phyllites or slates, quartzite, grit, and other more or less recognisably 
clastic rocks. The resemblance of these masses to the Dalradian series of Scotland and 
Ireland is striking. The quartzites of Holyhead contain annelide burrows. The third 
group consists of chloritic schists, grits, phyllites, and shales, the stratigraphical relations 
of which have been much obscured by extreme disturbance.*^ The exact stratigraphical 
relations of these crystalline groups to each other have not yet been satisfactorily deter- 
mined. It may, however, be regarded as a well-e.stablished fact in British Geology tliat 

^ The fullest account of these Irish metaniorphie rocks will be found in the Memoirs of 
the Geological Survey of Ireland ; see especially those on Sheets 1, 2, 5, 6, and 11 (Inishowen, 
Co. Donegal) ; 3, 4, 6, 9, 10, 11, 15, and 16 (N.W. and Central ^Donegal) ; 22, 23, 30, and 
31 (S.W. Donegal) ; 31 and 32 (S.E. Donegal). See also Harkness, Q. J, CL S. xvii. (1861), 
p. 256; Callaway, op. ciL xli. (1885), p. 221. 

2 Professor Hughes, Q. J. G. S. xxxvi. (1880), p. 237 ; xxxviii. (1882), p. 16. 

^ Professor Hughes, op. cit. xxxiv. (1878), p. 137 ; xxxv. (1879), p. 682 ; Assoc. 
1881, Sects, p. 643 ; Proc. Camb, Phil. Soc. iii. pp. 67, 69, 341. Professor Bonney, Q. J. 
Q. S. xxxv. (1879), pp. 300, 321 ; Geol. Mag. 1880, p. 125. Dr. Hicks, (^. J. G. S. xxxiv. 
(1878), p. 147 ; xxxv. (1879), p. 295 ; Geol. Mag. 1879, pp. 433, 528. Dr. Callaway, Q. 
J. G. S. xxxvii. (1881), p. 210, xl. (1884), p. 567. Professor J. P. Blake, op. cit. xliv. 
(1888), p. 463 ; Brit. Assoc. 1888 (Report on Microscopic Structure of Anglesey Rocks). 
Address, Q. J. G. S. xlvii. (1891), p. 82. C. A. Matley, op. cit. Iv. (1899), p. 635 ; Ivi. 
(1900), p. 233 ; Ivii. (1901), p. 20. 

^ I was disposed to regard this group as in part at least of Lower Silurian age, but the 
more recent and detailed surveys of Mr. Matley^show that it is probably older. 
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early in the Cambrian period there existed at least one tract of old crystalline rocks 
above water in the. north-west of AVales. 

On the borders of Shropshire and Wales a ridge of ancient rocks rises up from, under 
Silurian strata which lie upon it unconformably. Part of this ridge consists of eruptive 
material which was formerly believed to be of later date than the sedimentary rocks 
immediately around. But the main portion of the high ground is formed of a thick 
series of evidently very old grits, slates, and other clastic deposits, which, though hardly 
any trace of organic remains had been found in them, were assigned to the Cambrian 
system. More recent researches, however, have shown the presence of the Olenellus-zojie 
in this district at the base of a group of strata, which are thus definitely proved to be 
lower Cambrian.^ Prom this important horizon it is possible to work backward and to 
show that underlying these basement parts of the Cambrian system a remarkable group 
of igneous rocks comes to the surface. The investigations of Mr. Allport and Dr. 
Callaway have shown that these rocks include both lavas and fragmental ejections, varying 
from coarse breccias to fine tuffs. The lavas are generally felsitic in character, showing 
true rhyolitic structures, but there occur also bands of diabase which may possibly be 
sills. There is thus clear evidence of a copious ejection of volcanic materials in this part 
of England before the oldest Cambrian formations were laid down.*'^ 

Though the evidence is not perhaps conclusive, it seems to point to an unconform- 
ability between the base of the Cambrian system and this volcanic group, which would 
thus probably be of pre- Cambrian date. The relation of the volcanic masses to the 
great thickness of ancient sedimentary strata constituting the Longmynd ridge has not yet 
been satisfactorily determined, though there are indications that the volcanic group lies 
at the bottom. Dr. Callaway has proposed the name U^'iconiaii for that group, and Long- 
myiidicLU for the thick series of sedimentary strata lying to the westward. Those names 
may be provisionally accepted. The Longmyndian rocks have generally been assigned 
to the Cambrian system, and they may possibly still be shown to belong to that part of the 
geological record. The Uriconian volcanic group, however, is probably pre- Cambrian. 

In other parts of England and Wale.s, isolated areas have been described as containing 
pre-Cambrian rocks. Of these the district of St. David’s in Pembrokeshire has attracted 
the largest share of attention, chiefly through the prolonged and enthusiastic labours of 
the late Dr. Henry Plicks, who in that small area endeavoui'ed to establish the existence of 
thi-ee distinct pre-Cambrian formations. At the base, under the name of ‘Dimetian, ” he 
placed what he considered to be granitoid and gneissic rocks with bands of impure 
limestone or dolomite, schists and dolerite. Above these he distinguished as “ Arvon- 
ian ” a group composed essentially of rhyolitic felstones, breccias, and tuffs, marking 
volcanic eruptions of an acid type, while at the top he described by the designation 
“Pehidian,” a series of tuffs and slates.^ After a careful study of the ground I came to 
the conclusion that there is no trace of pre-Cambrian rocks at St. David’s. I regard the 
so-called “Dimetian” as a granite which has invaded the Cambrian rocks; the 
‘ ‘ Arvonian ” includes the quartz-porphyries, which appear as apophyses of the granite ; 
while the “Pebidian” is an interesting group of basic lavas and tuffs which form here 
the lowest visible part of the Cambrian system (referred to at p. 919). A similar 

^ Lapworth, Geul. Mag. 1888, p. 484. 

- S. Allport, Q. J. G. S. xxxiii. (1877), p. 449. C. Callaway, o^. cit. xxxiii. p. 652 ; 
xxxiv. (1878), p. 754 ; xxxv. (1879), p. 643 ; xxxviii. (1882), p. 119 ; xlii. (1886), p. 481 ; 
xlvii. (1891), p. 109. Geol. Mag. 1881, p. 348 ; 1884, p. 362 ; 1885, p. 260 ; 1900, p. 
511. J. P. -Blake, Q. J. G. S. xlvi. (1890), p. '386. 

^ Q. J. O. S. xxxi. (1875), p. 167 ; xxxiii. (1877), p. 229 ; xxxiv. (1878), p. 153 ; xxxv. 
(1879), p. 285 ; xl. (1884), p. 507. My account of the so-called pre-Cambrian rocks of St. 
David s will he found in Q. J. G. S. xxxix. (1883), p. 261. Professor Lloyd Morgan has 
since confirmed my main conclusions, op. cit. xlvi. (1890), p. 241. Compare also J. F. 
Blake, op. cit. xl. (1884), p. 294. 
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group of breccias and tuffs underlies the Cambrian slates of Llanberis, and has likewise 
been claimed as pre-Cambrian, hut it can he shown to pass up continuously into the 
Cambrian strata. In the Malvern Hills a core of gneissose and schistose rocks is doubt- 
less of pre-Cambrian age, fragments derived from it being found at the base of the over- 
lying unconforniahle Cambrian strata.^ From the plains of Leicestershire rises an 
insular area of rocky hills (Charnwood Forest) composed of slates, tuffs, and various 
crystalline rocks, which by the Geological Survey liave been coloured as altered Cam- 
brian. Messrs. Bonney and Hill, who fully described these rocks, regarded them as of 
pre-Cambrian date, and showed to what a large extent they are composed of volcanic 
agglomerates and tuffs.'-^ The rocks are immediately surrounded and overlain by Triassic 
sandstones, so that their relations to older rocks are concealed. Although there is 
thus no stratigraphical evidence to fix their age, they must be admitted to be litho- 
logically different from ain^ known Pahnozoic series in the country. They may thus 
with some probability be regarded as pre-Cambrian. They have been recently mapped 
in detail by Messrs. Fox Strangway s and AV. W. Watts, of the Geological Survey, and 
present the following succession in descending order: — 

Brand series, consisting of slates at the top, underlain by conglomerate and quartzite 
(containing worm-tracks), lying upon purple and green beds. 

Maplewell series, composed of olive horiistones ; Woodhouseheds, slate-agglomerate, horn- 
stone of Beacon Hill, and felsitic agglomerate. 

Blackwood series.*^ 

Another protuberance of ancient rocks rises in Central England from beneath the 
coal-field of Eastern Warwickshire. In this instance a definite age can he assigned to 
one portion of the rocks, for they contain Upper Cambrian fossils.** Beneath these 
strata, and apparently in conformable sequence with them, lies a well-marked volcanic 
gi’oup which has been claimed as pre- Cambrian, but which may be the equivalent of the 
volcanic series (‘‘Pebidian,” p. 896) found elsewhere at the ba.se of the Cambrian system 
(p. 919). At the Lizard Point in Cornwall a series of eruptive and schistose rocks occurs, 
the true relations of which have not yet been fixed, hut which are probably pre- 
Cambrian. They include coarse gneisses which rise as islets near the coast.® 

On the Continent of Europe numerous isolated areas of schists and other ancient 
rocks have been assigned to a pre-Cambrian or Archiean series. In the older descriptions 
of these tracts an order of succession and measurements of thickness were often given, 
the foliation being assumed to represent consecutive layers of deposition. But we now 
know that, in the great majority of cases, the foliation is entirely independent of original 
structure, sjo-that the former attempts to establish a stratigraphical order among the 
gneisses and schists, and to compare that order in different countries, cannot he 
accepted. All that can he essayed here is to give a summary of the general characters 
of the most ancient rocks of each region referred to. 


* J. Phillips, “Geology of the Malvern Hills,” A/m. (reoL Burv. ii. Part 1. Holl, Q, J. O. S. 
xxi. p. 72. Rutley, oy;. ciL xliii. (1887), p. 481. Callaway, p. 525 ; op. cit. xlv. (1889), 
p. 475 ; xlix. (1893), p. 398 ; Geol. Mag. 1892, i>. 545. T. Groom, op. cit. Iv. (1899), p. 
129 ; Iviii. (1902), p. 89. 

Q. J. G. S. xxxiii. (1877), p. 754 ; xxxiv. (1878), p. 199; xxxvi. (1880), p. 337 ; xlvii. 
(1891), p. 78 ; li. (1895), p. 24. 

^ Ann. Rep. Geol. Surv. for 1895, p. 5 ; for 1896, p. 10. The middle subdivision 
includes some striking volcanic breccias and agglomerates. 

^ Lapworth, Geol. Mag. (1886), p. 321, T. H. Waller, op. cit. p. 323. Riitley, p. 557. 
A. Strahan, Geol. Swrv. AIap>i Sheet 63. 

® Bonney and Hudleston, Q. J. G. S. xxxiii. (1877), p. 884 ; xxxvii. (1883), p. 1 ; xlvii. 
(1891), p. 464. C. A. MMahon, op. cit. xlv. (1889), p. 519. H. Fox and J. J. H. Teall, op. 
cit. xlix. (1893), p. 199. 
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gcq. n/litt fl.via. (‘yliilnLs tlic lai''L;>‘Nl coutijiiiuiiN t r;u’t of j»n* t i <n iMtli, m Lmi' I' 
Altlioiigh those rocks liavo Ihm-ii more c»r m niut<*ly o.\aiuiiM*(i ! In Miit'le‘3.^ IL' 

extent of tile poninsiibi, aiol have, bcioi 'it-srril u^i in many f'ap* !-" an*! n-.* t||‘ 

earlier publislK-Hl (losei-iptions of tlnnu, llneigh Inen tli«‘ | 

of view, \v<n’(^ written Ix'fore the larvointion in thi* vii'ws<tf t!:enli»g!-4H i»”/ Jiflin:! * 
plicated tcetonies of regie »na.l niejainnrphi.Hm, wliilt- these view.> an* «- theii t a -liinifa? 
have beam only hut jxirlially applied !<» thr elucidation <»| fhc Irn*' alii 

structure of th(M)l(Ier reeks (»l llu* pi'idti.sula. 'rinue can hened*»iihf fha! fh* * i- I * 
are a ])rolongation of 1 hese whieh farther fe fin* seuth-uest ri^e ouf «<| the ;?« 

the Highlands of SeollamI and the liillsnl the iKij-th and ucn! uf lirlaiid. Afe’i ilei** 
seems every prohaiuiily lhaf the hrua<l feaiitr»*,H «>(’ geulogaal ‘ahj? h h 

been ascertained t<» prevail in the Ihitisli area util be found to i .\t*i}d al •»» ijAm \* 
and Swed(;n.“ 

Wide tracts of W(*Ktern Norway eruisi'd of eoarsi'* banded gsiei'^^!'’=s « e-i* *, 
Urberget), wliicb present.f In* <*IoNeMt reseujblaner t<t the Lc‘wl>*iaii het ic>. nl SnUo tbiiei 
Kohs, but with a wider range j»f pet r«»griipljiea| diversity. They iiieliid* n d (ici yr* V 
gneisses, banded and .streaked gninnlite'^, epii|i,te«gnciHh, eMidnaifr i 
syenites, gahhros, diorites, lahradruite-roeliH, r tie t rock h, ajn|»bil*»4if» peiid>»is?*», 
serpontinoH, Jlcc. The general aHsemblage td' tlo'se mekH that tic y .j 

complex scries of acid Jtnd basic eruptive luaN.HOH. With I hem i'» mt ifuau 5;, .n d 

another group of rocks, of wldeh eon^^pieuouH Mi^jubcrs nie «|mjiif/ife, Inn* , inir; 4 . 
schist, quart/-«H(!liist, and others which, like of boeh Maier p. , |.5(*ii4 uilh 

more or less e,h*arnesH to a seilimeiitaty origin. 'This group is u»u;dlv iind* . j -4 rslbso-, 
and is certainly older than some poiiion.s of tin* gueiMM'S whicli enn !♦» ui ?» pirf , it. 
It contains, however, bands of amphibolite, wlnoh tiray repre?«mt ^uIIh m? j u i* d l r!i*.rrsi 
its coinpoiu'.ut layers, 'riius at. Ituked.il 'Sontliorii Norway^ a ma‘'«'n fref ,-4 

(piartzito, (juartx*.s<dii.‘^t, and iiilerlieddeil .seaiun nf hornblende hcbifif, |;r s opMi* ,i gi*)Op 

of boni])l(!n(hf-.sebisls and grey gneiss traversed by abumlant granite' vejn Ti.in 
of limestone occasionally (»ee,ur in the gneiss, uh near ( ’hriMtiairciiid, 
yielded ina,ny miueralM, esj»eeially vcHUvianite, o<»erolite, seapolife, phlMgxipge, « hufoic'* 
dite, and blae.k spimd. Apatite with magiietifo, t itanifermis iron, loema??!-', ^*4 oflc i 
ores forms a marked feature »d’ the, Norwegian pre4 'ambrian .HcricH, Tie- iiee,'i nopoi t ;ii4. 

^ In the older literatine eonsnlt Kbalhan, “CJaea Norvegiea/ hL Kcf ilt 

‘ Udsigt over dot Hydligt^ Norges Ceologi,* r|ir»Hl.i.aida. 'I h7p ftrairditl*'d info ‘by 

Ourlt, and publksheil hy <!oh<*n, lionn, l^^-Sng A. K. 'rornelcdim, “ IM*’ h bn, 

Hochgehirgo, Nr/nm/. dAv///., SpM'kholiii, I-h;:}. “ l>as rrferntMriimi .Sr'h^r.b nss," 

Jahrh. 1H74, p. b'U. Karl rottersen, “ileologi^dce rmlerH.g*'! a*r jnd«’n *rs,>' aii-!*' A* 

MorUce Vlde/iiikah, vk 41 ; vii. gfd. Ft»r more recent work 'sv ib'ic.Jb;. ni,|4.i..r!:is,! 

nionogruph on the Ibssilifermis crydalliiie Nchi^ts of Bergen, «p}oif-d on p. .ib:o 

iiiHtniotivo essay ‘Bommeloen og Kurinocn,' Ihhjh ; hb paper--, m the ' Aarh-^^g lor l^!*| ' *4 

the (loologieal Harvey of Norway (A‘o/y/e.v r»Vo/# **//.>,/. y* /'/o/ee.We/eb^rl ; lo, i.sgf!;, 

ge.lscr fra Tnmdhjem.H Htifl,” (linHiimua Viilf’nd\ |^!i| ; , 0,4 in. j oji 

“Crystullhuj Sehi.sts of Western Norway,’’ CutttjrrH. U'r*4. /titrrmff ■|^?<| 

p. 192. T. Dahll, (.). A. ( 'onieliuH.Hcn, ami H. Ueiise.h, “ Imt mirdligr Nojgr. g* mI- A 
ClmliHj. IhulemUjA'iSK^'L ll. Hoiiian, **SeIbu,’" 

(Ip. clt. No. 11, lK9;k 'r.inieholim, AWw/v, 18HH, p. 127, amt vnrhnis |aprr.-. i ’ 

yours in tint bVv//. Furc/i. FoUmmU. *syoe/,7o>///<, es|*i»eiaily vo|, \iii, , ||hB| , p, iij ; 
p. 27 ; .XV. (1892}bP-H1 ; xvi. (1H9I), p. rail ; xxiii. flimi), p. P. 4. Ilo|tie|no!. . ."p 

xxii. pp. 72, 10.5, Ifd, 22.'! ; xxiii. p. .5.5 ; and Srm)/. (Fai. Nr». jmci . 

As the re.sult of two journey.'* in Norway hetweon Bergen and Hammerlrsf | me* > innicr.l 
of this general paralleliHin, but the detenniiiation of the detailed stniligrapiiy of fhr -*e s.Uv 
will be a fcwk (A incredible labour, demamliiig from the Hitandlnaviiiii gmloipsi , i,..,,,. 
of patient application. 
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iniiuiral niiisH«*.s in an iiuiuHtrial svuhv. art$thi«’k {m'*! ’, nwl imf i» nl.u i iR liuii-urt* 

(Dtiniicinnni, Filijmt.id, kr. . 

Of o!)vir}u.sIy lilt <T thajj t!i»' with fh‘'ir :i‘'rMjn|«,}rH!HrS}f 's r* imufliri- 
S«neH of rrystidliin' wliirli N(»r<';ulH ovor vu-R. tr.M-F' 4 id rujiijij v iii 

Among thf.so rocks nji*'a -schist . h, |ihyllit«% ijiinrtvv-schi'-iN, clsy Mlafi'-t, (.jOit! f/stc-i, lyol 
ftohistost! conglonicratcH 3 tn* cMiispicuous, uioi {hat a htroc pj'Mporiinn of {||c ivliiilc 

main Ih prohahly of chi-Ric lint tfu'i'c arriil -io included dilorifir rtud limjihliuidf! 

HclilsU, ampIdholitcH, gneiHsc^s aid many ot.hcr r<M-k'* uhi«di wc|c |.roha!iiy nf r-itl|t|iv« 
origin, whet h»T injisicd aHHills or tlirown out cMuicmpoiaiicMirdv uifh f !<*• Hrs*|jm«‘nfiitiott 
of {.lie HchintH astuIlH a.nd kivan. Iiiiminy rc-«|ic «'{’4 {hi-c im|ioif:uif aenc-'j «,( f 4 i'ld*iF^ Itciu ^ 
a close rcH«*niIdancc to the. “ y‘Oingcr gnci ,7’or Italiadiau -a'l ic wif ,H» o!l u<d, lint 
actual Htratigrajdiy has mil, yet been ;iccun»tcly elucidated, dliai -iotmi |»itr| id' ifc 11013 * 
hi* {irc4'aij»hi‘i;ai seems HUt!i**ien{ ly imdahlc. Hut ii-i hue r»'lati«.uri lire eonijititaitittl 
hy the. dincovcl'y of Silurian fossils in sunn* of the ■’-cric'i, and by the a|(|rarcti 6 

■ gradation of coinioirativi'ly unalti-red fos.alif«rr<,mi Siluriitn -iifafa flu^ nchistoW 

conditiiui. I>r. Haiin fh'ma*li. as alreadv jiointed on! tp, i‘.»s , ha i shoun that hiiu#{||| 
tlni i'ry.stallinc hefiists to the .south of llcigen liands ol line miea chHi *,j |»li)diite willi 
layers and noiiulcH of liine-Rone niiit.dn fM-s-al-. jn-uli.dily ot {'pper iSiliuiaii aged 
Having had an opporlunity in of vi itiny the dr. tiei. 1 h ue inlhelrd hcaalii from 
all t hi* lociilit ic.H uhii'h Im «nHiiiicra{ei, iiiid can cntin lv »o» 3 !iiiii tio* a»e,Hu»t, tthiefi Itu 
gives of the tlmroughly metaimirphiv eharacfei of tie joi'k-i aiuMny which the fos.?uldejroiti| 
hamls o(!cur. The j»hyl}it>H are i*nlei<-alatcd among white yuiif.ut* , ifimit/ifc: eon 
glinimrati's, grc.cn Hehiits, hornhlejelii’ and aefinoliiie ?a*hi:t > and giiei-^ j’-,, lint Ihr llie 
oceuiTciicc of the* a geologist would mitnrallv da-ei {Jo* lock-s as joohahly of pre 

Hamlu'iaij age, Ihil { li»* corals, graptolin"!, and faica orcanu’ icmaiirs malie if, jpnfc 
i'iTtain that tlni iTyntallinc ?a'hi its in uhieh they occm nndeiw»aif fhcjr gieai 
metamorphisin m4 earlier tiian s<niie put of the Sdnuan pcin«h If will he sm 
extis’inely ilillii'ult aiiil lalunioiis task to ilricof-.inyh' th** cinnplieat ion-, of these Xoi 
wegian roeks, ami t«Mic|cnnim* wids’h are of pre- < ':inihi jan and which ot l*idaso’»ar ag«', 
Hr. Ueusch, Munining up what known regai dmg tie- duRidotiion *4 {mvoI-) among ihc '.c 
strata, hi'lieves t hat a tnorcor ^'"■i■■o’on| jfiucais led! ot t 'amhij m and Sdnuan lock }. usiiallv 
in an extis'incly uiefainorphoHi'd condjtiuu, i an hr l no ed -al'firg fio-a vi-ot ihcS. aidi 
navian peninsula from near Stavanger to the N.a-th t'ape, ' gnaip ol i«'d ailo*.e"» .and 

MandHtones, Ihousands of h-e f in tho'km-'e-i, known a-t Spm .eanole, *MV*-rj 4 w ide r j. nf <4 

the hilly country in fic” Ic-arf of Xorway to flo- norfh *4 t’ointiania. Th*-' r'-i«mh|aot. 
<4'th<''H<? rockn to the TojiidoiiMji ■.•'Uf: 0 } Srutlaid } ^ r^-matk.jhh" ♦ Ims.-, 

In .Swcd«-ii a •■nnilai *h’ *. • iopjjc-nt .4 pre < ■andnroi lodcs ma^. *»«• tja'’‘'d. ’1 hm 

broad huhdivi-mm* aseong f h* m Icci e h»cn scrMe?o;.'d, die- he,-..} .n I’lla-ie rj 

gi'oupetl info an old»a' sene-i of gnsa gioa;-, liaics*- j gic 3--.. Uns*' ooi-, ,g!af,til' . 

Ac. ,, ami a yoinigef <4 poj-ph;.in- . aid h-dh-ftajf Jo> e.-! an I eianifr-: I'la- 

upper Hi’efimi ermast S of iumI'c mi- Ic-. ; oh«. 0 iii;jv ■•.‘■dine nlan, {<an»atn*ns, d|vis|l4e> 
two sencH ; tie* I hil.irinaii, c*nnpi, ,»M| i.id v ol }-. .idi-.h -.Oi I A^ac s. 'ilodr;-., 

itml i’oiigloimuaicH a^ono and tie Ssu*-, loadc up p.otH of .y, | ::ai}d^!f one. 

* .Se<' tfjr Volume cifrO i.oRe, p. '|'ia- v- .'os ge r o. -"r •: aid - lo'ga wly, R 

overlie famhiiaii and Silmran fo-alifeoc.r} -Araia ate u-!rrr*d >*%* pp. Pi'ti, 
lilts recorded llie oe.ana-rifre *4 congfojisrra*?- aoea..r: the. ’■ Ar'. L.«-aa* '' gsa-c:-:*- *p cat I ..sjd 

ficliists oi Hcaiiiii in tlje sonik «4 Nwedein dd-A.-., vac p. an !i ans>. t.y 

F. Wilhlisehalle, Z. Ik *4 (I. p. pH n Xroel.v too- |.rr d gv t o||.:.k 4 . of 

grey i|iiftr!zii«% like the »|inirUiPe iwdow df, tre, aso .f/od. X'o. | 

nsh?/, p. 24). li'i roliiposilion lalhri' s-.|g||* -A,:* a Lfi ,4’ fp,- «p5aiJ.yfi- lys -tife llcili 

a tfiit* ermgltiinrralc, 

'• His' hill hk»<tr|i,|ij3t|» itif Sraiidimuia and Finlaid Kail o4»a dr Skiiiiiiinatjrdy 

hamhj og FiiiL'iiid t liiisliaina, i H'an. 
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and partly of various rrystalliiu* sdiists and liiin-.dMiu* (lO’d.'kalk of Sw.-.lnj, 
of Norway). The. charaeter oflhe scdiinciitary pn-t ‘aiuhriau an<l PaLi-o/oir Imiij.' i*- - 'i* < 
of Scandinavia is strikiii^dy .Ullhrml on the eastern and w.-Mm* sides m! ihr |. tin. o.. 
Possibly a landdiarrier may from the heoinniuK have M*paralr.| the iiiras of ■' i ^ 
thusgivingri.se to an original ditferenee in the nature of the sedinieiilN. Hut. a-, a.i* -e h’* 
pointed out (t). 7hS), the western side of tbe region ha.s hren subjeetnl to gigaiit e: ■ 

turbaiice, displacement and regional nietamorphi.sm. 'rim original elasih- drpo -il '. »! 
the Seve group have, thusheen converted into miea-selii.sts, with some Iiornbiend*' ' ie 
and garnetiferous gnei.sses. 'riiis allenMl form ot the group cove! ^ a va 4 e\lent o| Pc 

central fjcdd.s, stretching ns a hroad hand from Ihilarne up to the imilheiii *4 

Sweden.' 

Pro-Caml)rian rocks cover most of Finland, where tlu’y present iPaiaeltn -* .-inm n 
to those ol)served in Swedmi. Tlnw havc^ liei-ii well described by SnliThohii, ulo» b ,e» 
given a slratigiuphieiil ehi.ssification of them, and has espeeially called uHeiifJon ?o 
some I'cmarkalde e.vhhmeiMif a sedimentary intercalation among them .d 'r.imin* iba *. 
A conglomerate is ihen^ found to contain rounded and paitiill) flribnind peldo»s of 
diorite, granite, .syenite, [lorphyritc-, phyllite, and ijuait/ite. d*lic vauciy of malcK d of 
these stones and their obviously rounded and water-worn fbiin^ di'*tini'ui.‘^*Ii llem Hosii 
those of a friction -hreeeia or crush eonglomerate, 'Khe matiix is rehtHlose, jiii'l ‘ in 
sometinie.s hardly he diHtingui.Hhed from tin? jiehlden enelo-eri in it.” 

Central Europe. From Scandinavia ami Pinlami a great HciicH of pre-Ckmihiian 
crystalline schi.sts stretches into the north wi'.st of IvUsHia, reappearing in the 
east of that vast empire in INdeliora liaiid ilowii to the White Sea, and n dng in tie 
nucleus of the iduiin of tin? Ural Mountains, and htill farllo r sonlh in Podoli;i, In 
Central Europe, similar roctk.s appear as ihland.H in ti»e midst of nioie rei cut hnsinition-i. 
Among the Carpathian Mountains, tln-y [uotrude at a imml'i i of points. \Vr-4 was4% 
of the central portion of the AI]>ine idiain they rise in a more eoiilimioim brll, and 
show minKU’ou.s mineralogieal varieties, inehuliiig gmd.ss, mira^s* idst, juid many oib* r 
schists, as well us limestone and serpentine.'' Sfiiiie of thvw roekh an* certainly ir*I 
sedimentary deposits, tdher.s are, probably eruhlted igiieoUH roekn. 'riie pndogim *»f f br 
Alps lias been shown by Mhdiel L«‘vy to he intrusive. It behaves tn ther hun»»Mii»lii^g 
schists as some parts of the Laureutian gneiss of Ciinmia ib» to the HcldsiM next Im lh;if 
rock. 


^ Hue A. E. Tbrnchohm'.s pajier.s in f/e/#/. Fmrn, and in Alitii, ,V|. , I . 

holm, xxviii. No. 5, 181h) ; the Reports of the NVw/y. ,• alho Nritl*oi?>l 

‘ tSveriges Geologi,’ 1894, and pontm, pp. 970. 

- J. J. Sedorholin, “ ttlier eine Aredueiselie Sediment forma! son iia we4!lir|irn Fiiilmel/’ 
Ihill, Com. Ck)l. FmlamU'y No. tJ, 1899. llis claHHilii-atjoii of the Fiiiluiid [ne t biSid-iKim 
formations will be found at p. ‘28?i of this Memoir. Much inforimififJii regardim.! tlir .* k > 
Is given in the maps and accompanying explanatory inemoirM *if the (h»‘4o^d‘ id Uoinfi^i 
under Mr. Hederholm’s direction, also in his papera in 7V/o‘/7/o^AV MlCkrti, xli. 
pp. 1,97; Fennla, viii. No. 3 (1893); (MA F*kni» Stmiihoim, six. flMtif. p. *i*» 1 Le 

Ohermittweida conglomerate among the nuea*hehi.HtH of Saxony i'* iinother well n 

example (Sauer, .^ci/xr/o ///w. NaturvnnH. lii. 1879, p. 7Wk J, Iloth, NiVA, AbuL IF# ^. rr 
Berlin, xxviii. 1883; ‘Algein. u. Chem. Geologie.’ il p. 4*i8. Hiighra, 9 . J. (*. ,v, 

1888, p. 20). 

" A voluminous series of papers has been puhlishi'd on the ery.Htallitie Hvh'Mn ami 
of the Alps. Among these it is only po.s.sihle here to cite a hnv ; Zuovngnu, M. fAmt, 

Hal. xviii. (1887), p. 346 ; V. Novurese, o//. cib 1896, No. 3 ; L. Mra/.ee, ‘ pnitngiiii.. i|ii 
Mont Blanc, &c.’ Geneva, 1892; L. Dnparc and Mnizee’s MiVHsif dii Mont .Blitne/* *l|r,vf. 
Sue. Phys. Hist. Nat. Geneva, xxxiii. (1898), 2nd and 3rd partn ; Michel lAvy, /I. .V. r/. #; 
1879; J. W. Gregory, C. J. (l. S. 1. (1894), p. 232; ‘Livret (Inkle dii Coiigr*’?* Urwl, 
Internat,’ Zurich, 1894. 
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Pre-Cambrian rocks rise to the surface in a number of detached areas in France, 
particularly in Brittany, the Gotentin, the central plateau,^ Morvan, Ceveiiiies, the 
Pyrenees, the Daupliiny Alps, and the Vosges. In Brittany they have been carefully 
studied by Dr. Barrois, who describes them as largely composed of mica-schists, passing 
often into gneiss and into quartzite, and including chlorite-schists, amphibolites, 
talcose and sericitic schists, serpentines, eclogites, and pyroxenites.^ Extensive masses 
of granitoid and granulitic gneisses with mica- schists, amphibolites and other crystalline 
rocks form tlie foundation of the great central plateau of France. In Brittan}^ in the 
central plateau, as Avell as in other regions of France, thick masses of slates and phyllites 
have likewise been assigned to the pre-Cambrian series. In the Gotentin they are re- 
presented by the “Phyllades de St. Lo” — a thick series of hard lustrous slates or 
phyllites, among which some disputed organic remains have been found (pp. 877, 927). 
By other geologists, however, these phyllites are placed in the Cambrian system. They 
are named by Professor Barrois the '‘Brioverian system” (from Briovera, the ancient 
name of St. L6), who separates them into three series : 1st, at the bottom the shales, 
phyllites, greywackes and cherts of St. Lb and Lamballe ; 2nd, the shales, con- 
glomerates and limestone of Gourin ; and :3rd, the gi’een flags of Neant. The base 
of the Avhole pusses down insensibly into the cry.stalline schists below, and it is possible 
that these schists are really metamorphosed parts of the Brioverian series. In the 
absence of determinate fossils it cannot at present be decided whether the Brioverian 
are pre-Cambrian or Cambrian. They are certainly covered uncon formably by im- 
fossiliferous conglomerates and slates which are not improbably Cambrian.*^ 

A large area of ancient crystalline schists extends southward from Dresden through 
Bavaria and Bohemia between the vallej" of tlie Danube and the headwaters of the 
Elbe. Two well-marked groups have been recognised — (a) red gneiss, containing pink 
orthoclase and a little white potash-mica, covered by (h) grey gneiss, containing white 
or grey fedspar, and abundant dark magnesia-mica. According to Giimbel the former 
(called by him the Bojan gneiss) may be traced as a distinct formation associated witli 
granite, but with very few other kinds of crystalline or schistose rocks, while the latter 
(termed the Hercynian gneiss) consi.sts of gneiss with abundant iiiterstratifications of 
many other schistose rocks, gra])hitic limestone, and ser])entine. The Hercynian gneiss 
is overlain by mica-schists, aliove which comes a vast mass of argillaceous schists and 
shales. In Bohemia, these overlying crystalline clay-slates and .schists C‘ Etnge A” of 
Barrande) graduate upward into undoubted clastic rocks known as the Przibratn Schists, 
uncon formably over wliich come conglomerates and sandstones lying at the base of 
the fossiliferous series.*^ The .same gradation occurs around tlie granulite tract of 
fSaxoiiy, where the outer schi.sts may be merely metamorphosed Pahcozoic sedimentary 
rocks. 

In the central and eastern Pyrenees some pre-Gamhriau cores comsist of masses of 
granitoid gneiss, with various cbloritic and otlier .schists and altered lime.stones. But 

^ The .schists of this region are discussed by Mouret, CaHc. UetiL Frctnrc^ No. 72 

(1899). 

- Ann. Soc. QkA. XonJ. viii. x. xiv. xvi. 

Proc. Geol. Amjc. 1899, p. 105. 

For descriptions of the pre-Cambrian rocks of Saxony .see Gredner, Z. I). O. G. 1877, 
p. 757 ; ‘Da.s Saclisi.scbe Grannlitgebirge,’ 1884. Lehniaim, cited below. "Erlauter. Geol. 
Specialkart,” particularly sectioiLS Geringswaldc, Geyer, Glauchau, Hobenstein, Penig, 
Rochlitz, Seliwarzenberg, Waldbeirii, Wiesenthal, Bavaria and Bohemia: Giimbel, 

‘ Geognostische Besclireibung des Ostbayerischen Grenzgebirges,’ Gotha, 1868. Jokcly, Jahr. 
Geol. licichsanstalt, vi. p. 355; viii. pp. 1, 516. Kalkow.sky, CDie Gneissforniation <le.s 
Eulengebirge.s’ (Halhlitatioiischrift), Leipzig, 1878 ; Kernes Jahrh. 1880 (i.) p. 29, F. Katzer, 
* Geologie von Biihmen,’ 1892. Baden: ‘Erlauter. Geol. Specialkart.’ 

Lehmann, ‘ Entstehung der altkrystallinischen Schiefergesteine,’ 1884. 


902 


HTliATUniA rilKW L (.'h'nfjiav 


tlie most extensively rooks ;ire various j>liyllit»*s whirli here i le 

assumed a gneissose character from eontaet nietaniorpliisiii. ^ In AsturiaH itu>l i s. 

Barrois has investigated a groat .s(U’i(\s of seliists regarded hy him as |>n* < ".sifi liiid 

divisilde into two ill) jiortaiit groups a lower, eomposi'd exsriitially uf inieii « !{} *! % iiii l 
an upper, consisting of green ehloritous, aniphiliolit i<\ ta!t‘<*>e, »*!■ inieii* eMi3 i ' * In ,! *, 
with subordinate, bands of (jiiartzite, serjxmtiiie, and eipidliitu." 

America. — In North Anun-iea tin* pre-( Janibrijin n»eks, which cover an ^ a • lini il" ! 
at more than 2,000,(i00 scpian* miles, from the Arctic Ocean southuard-^ tie vi* -st 
lakes, have l)een studied in detail foi’ a longer pcihai than those ot any oihcr leg-fm. 
in many respects tln^y ]nay s<;rv(i as the typ(! with whidi thohe of other par! ^ of ih,r y.uur 
may be compared.'' 'They were lirst mapped and «leseribed t»y Logan iind Mon in 

Canada, and were divided hy the.s(^ observers into two distiin't divisi^ni'^o Tie' h.»r| 

of these, named Laurentian from its I'Xtensive devehipineut among the Loii* * 4 c i* 
mountains, was (les<!rih(*d as eoiiKisting chiefly of etairse r«’d, grey, lunl ff» I 

spathic, hornhleudic, micacteuus, and ]»yrox«mie gneisses with pegmatites, aipl iic iud* I 
zones of limestomn The nj^per group, called Huronian from its cxp«f isu * in ri»«» 

Lake Huron district, was recognised as being eoinposeil mainly of quart f« J> 4 r n 

(liorites, dia,has(‘s, syenites, various coarse and line fragmental voh-aidc l * agfd'" 
merates and tuffs), cday-slates, and other iMMldeii materials that pass sulo 
Though the Huroniiui series was found along the line of junction to !li|» h* !»*« 
Laurentian, tliis position w'as believed to hir due to disturhanee, no l-rusg 


^ UuiTigon, Vh S. (f. F. i. (LS/d), p. flS; Caralp, ‘ Kinder (h-olegiqiii's *i«j| Ir i 
massifs des I*yrenees centrales,’ 'foidouse, LSHS. 

“ Ami. >Shr. (U'U, Amv/, ii. (lSH‘g!. 


Out of the large amount of literature wliieh has grown up eoncrndiig tfir | <r» « 
rocks of North America the hdlowing works may l»e cited; W, K. bogjsu, ^4 

Canada, 38(i3. AnHiwl HvjKirts nf (ht‘ (tCfiftuiiciif Sun't{( t»f pat 1 1 ' Mj, 

Lawson’s Iteport on Uuiny Lake in the vol. for 18H7 ; and papers hy Or. Hinhew imd 
F. I). Adams in vol. viii. (ISDh), in Jnttni. iU^l. i. (189:1), p. .Tifi, and in Amrr, >. ). 

I. (1895), p. 58. ( dm! ^(({ muil lliniiti'ii Sdi'vvij ttf ^# 4 , jj,. 

hy N. H. Wineliell and VV. Uplmm, 18H8, and Annual Heportn Mince 1 8^7, 0 / 


Swrrqi of Winconmn, Final Reports, vols. i. ii. iii. iv. }*y T. ( '. t 'hamheilin. IT 0. 

C. L. "Wiight, hj. I, tSw'eet, I, ( , Brooks, ^c. (it’idtuju'tt! iSVrr^'V |**7t! T, 

Brooks), 1881, vol. iv. (0. Uominger), 1891 d)2, containing a Hketdi* »»r the Ke iom .4 thl 
iron, gold, and copper distrhds hy M. hi Wadsworth. .*/ Stm r>f .f 

Pennsylvania, summary volume on Arcdneaii Eoek.H hy J. l\ Lt'dey, |892. j r. 

0/ l/ie United rypo/ogm^/ AV^mo/, espet^ 511, and Ttla i'ontainmg in 

R. D. Irving, the 10th containing u joint memoir hy R. It, Ira inland C, R. \ sn 
14th with one l»y Messrs. Walcott and hhlings, the 16th and lilst with importanf * oay, hy*V-«i 
Hise, the 20th with papers hy W. M. Weed and Birhson ; alnuf MoiiMciaph v. , »<iii ihr » q pri 
bearing rocks of Lake Superior hy H. I>. frving ; xxix. hy Kmeram ; and 
Clements and H. L. Hmith ; H. f\S. r/. .s'. Xc. *eg ChamlH-rlin mid IL Ji. hntm ; 

157 by Hall; No. 159 by Kmersoii, R. Pumpeliy and i\ H. van ni>,e. 
xliii. (1892), p, 224. A. C. Lawson, /////A 6 W. StH\ Amer. i. (1890), pp. |f;;g 175 
Ceol. University, (California, iii. No. 3, May 1902. A. Wimdiell, //. .s>.e, A p, 

u. p. 85. N. H. Wmehell. ./Vcc. Aviev. J«.w. xxxiii. (1885) ; (M, xv. rifpi %iu i I 

J. I). Whitney and M. E. Wadsworth, «Tlie Azoic .System,** /IniL Mm. (%np. 

1884. C. R. Van Hise, Amer. Jour. Svi. x\l (I891g p. 117 ; lOfh Ann. Hr,, 

and (h R. Vim if 1:.. dJ. 

>..cr. xm. (18J2), ]). 224. The literature of Aniericim pivd 'nmhriim gerdogi^’ |.,rrMi 
haustively collected by C. R. Van Mine in H. U.K (/. S. No. m, *(’orreIaliMii |*ii|.es^ , 
Archfeau and Algonkian,’ 1892, and in a series of papers in Journ. O'rol. vol-'.. i. ij, isi m'A 
IV. continued by C. K. Leith in subsefiueiit volumes of the same jonrniil. 
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entertaiDed that the former series was the younger of the two. All these rocks lie 
beneath the undisturbed Potsdam sandstone of the Cambrian system. 

Since the days of Logan, Murra}’’, and Hunt, the great pioneers of American pre- 
Cambrian geology, the subject has been attacked by many able observers. The Geological 
Surveys of Canada and the United States, as well as those of some of the States of the 
Union, particularly Michigan, Wisconsin, and Minnesota, have examined the rocks over 
many hundred square miles, and have published voluminous reports concerning them. 
Owing to the great diversity of character which prevails among the oldest crystalline 
rocks of this wide region, and also because many of the districts lie far apart and have 
been worked out independently, considerable variety of nomenclature and diversity of 
view have arisen. At present it is hardly possible to reconcile these conllicting opinions, 
though there can be little doubt that before long a general concurrence will be arrived 
at regarding the main features of pre-Cambrian geology in this important region. 
Logan’s original ‘^Laurentian ” series, often but incorrectly termed the “Fundamental 
complex,” covers by much the largest area of all the North American pre-Cambrian 
formations, and presents the greatest persistence of lithological character. It consists 
of an intricate aggregation of crystalline rocks, which are sometimes acid and massive, as 
granite and syenite, but generally show more or less marked foliation, so as to pass into 
coarse or granitoid gneisses or gneissoid granites. AVith these are intimately mixed up 
masses and bands of diorites and gabbros, which usually have a foliated structure and pass 
into true schists, as well as various schists, the origin of which is less certain. There can 
hardly now be any doubt that these various rocks are of igneous origin ; in many cases 
they can be seen actually to cut acro.ss and send veins into each other. They have 
subsequently been affected by intense dynamic action, whereby they have undergone 
internal rearrangments ; their component minerals have often been crushed down, they 
have been squeezed into each other, crumpled up and compressed, and have acqirired 
the general but unequal foliation which now characterises them. Logan thought he 
could recognise an older and coarser series, wdiich he ranked as “Lower Laurentian,” and 
a higher series, composed largely of anorthosites or norites, and including more varied 
and highly foliated gneisses, schists, slates, and limestones, which w’ere regarded as 
“Upper Laurentian.”. It was originally supposed that the whole of the rocks were 
probably of sedimentary origin, but had undergone severe metamorpliism. 

More recent study of Logan’s typical district and of other parts of Canada lias led 
to a considerable modification of the views -which he adopted. The igneous origin of 
the so-called Lower Laurentian gneisse.s is now generally conceded. The anorthosites 
or norites of the up[)er subdivision have likewise been shown to be enormous protrusions 
of eruptive material which have invaded the schistose rocks among which they lie. 
These latter rocks, known as the Grenville series of Ontario, include varieties of gneiss and 
other schists which have been closely examined by Professor Adams, who has determined 
by chemical analysis the similarity of their compiosition to that of altered sediments. 
They are interstratified with quartzites and limestones in such a way as to make their 
original sedimentary origin highly probable. These various rocks are so intimately 
mingled with the erupted gneisses of the so-called “Fundamental complex” that they 
cannot be separated in mapping. There appears to he reason to regard the Grenville 
series as a more highly altered condition of the so-called “Hastings series,” near the 
city of Ottawa, which presents many points of lithological and stratigraphical resemblance 
to the “ Huronian ” rocks, originally mapped by Logan to the north and north-east of 
Lake Huron.^ It thus appears that the Laurentian gneisses, instead of forming a 

^ F. D. Adams, Neues. JaJwb. Beilage Band viii. (1893) ; Amer. Jovrn, Sci. 1. (1895), p. 
58 ; iii. (1897), p. 173 ; Ami. Rep. Geol. Surv. Canada, Part i. vol. viii. (1896). 
A. P. Coleman, “The Huronian Question,” Amei\ OeoL xxi.x. (1902), p. 325. The anor- 
thosites of Lake Superior are discussed hy N. H. Winchell and A. C. Lawson, Bull. Qeol. 
Surv. Minnesota, No. 8, 1893. 
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“ fundaineiital c<)in|d<*x ” on \vlii«-h tln> .ddfst s.aiiin-nt.ny fni niiit iMU. ir|». . ,4 h- ir j'l:' . = . 
part at least youn^^e-r than 1 Im’hc forinaf ions, and ha\«' lo rn inJ'* >-.<1 

through them. It was ]»ropo.sed l»y tin*. Cnib-ii <I Mii v. v ? 

term “ Arclnean ” for all tin* rssoiKially igin-ms rofln Jh.ii imdrrhr ih. |.|« f’.imhr- sji 
sediniontary formation H, and to <*inln'a<*c t }n*s»’ si’djnif'nt ti \ fonu iioar jh i* i f t* • »<> 

designation of “ Algonkian.” Ihit wo now kimw that llo* •' Ai.h.o.iii” ** 11 . s • 

various sediniontary intorcahitioiis, and liiat th** Aiionddan »’•« .»! fii.uly pftii'f j * 
portions of tlie “ Arehman ” inassos. Some n-visiMU «ddlo' noiyrn*'lal uir r- ihn ^ . *• v. 

At jiri^seiit it is not <hdinitoly known liow nin*’n ol in«‘ o oidirii L-iiio jiU in *>i iiiit i-i 
inontal oonijdex” is oldm* (Imii Iho Huronian ro« h 

In Canada and the hake Superior region .d'tiie l‘ni!*'d Si.ii*'. Ihe hdlowing giMiii ■* 
of pre-Cainlirian formations hava* heen recognised in d»'s»'« nding t»vlri l» ii, aih ip.- o!d» -t 
Camlirian strata tlicre developed. 

Kew<mna\van (Napigon f>f W. Ontario) e»»nn’a ■-» of three mam diu-rni :, huvu^' a 

thie.knesH \vlii(di varies up to ,‘{f»dHMh or iM'<',Mrdna' fo liun;-', e'^ea !>» .’ai,sio-o 5r'« *. 
At the l»ase. lies a hand of galihro. Al»ove if ei»fne« lie' mam rroap nf !h«* luf 
('.oiisisting of a vast sin’e<‘ssi»»n of la\ a sheets 'i.^hieh, lulheir meimr |eoi >, 5*rr>jine se 
interstratiliod with sandsloiH'H and eonrl'anerafe .. die* imid ►i'- jp J > iMp** * j. 
of detrital inataadal «h‘rived from the wa fe of'flc' ro , h. htw.* d'l^- Krw* rj* 
lies mu!oiiformuhly on the Animiki** 

Aniniikie (l'euok<‘e, t’pj**'*’ Moiioinini*e. rpper .Mar*pie*Sio, Uiumh a .iry 

consisting of a lower <iunrtzite and an upper ‘date iojma!c>n. '‘aitli ^lil'ordmale 
of side.rite and ferniginoti'^ ehcrf. An iinporlanf tHfronPa nad*i!i! v .if the }«;»■ 
series extemls ov<'r a wide area and, aeef<|-.jm<,' !?* Lriw-iun, Jaarkn a rd fin-t', 

separating the Huronian fnnu all later peiiuij s. ' 

IJppiu’ n nronian ((’pp*'^^’ Keewatiu. Ie»wer Nhoiomii.i'--, \|iu <pie!te -% 

sedinie.ntary series eompri'dii'’ liine--4onr'-«, <|mut/i|rr, ? fht’hajir'r.-il. ;s, datef^ A' , 
ddie.se. strata are pii'P-ed i*y gi'an!le*i or gn*'r<-'je‘i. and he me‘onl>*i math' «*4 !|.je order 
nannlierH of the series with a eonglomeiate a! the hma-, 

Lower Huronian (Lower Keewatiu • e#*m|Me 4 'd hiri^eh ot giern with rr'i 

sedirnentH, among wliieh are ipiaid/itc’i, mnui dom-'-j, arho-^se-'j, 
toge.tlu'r with lime<«*tnnes and shales tliat piee» inti» phvllitr:-., Larir'e toAu-'i '4 v> 4 ''a 4 * 3 ' 
rocks are irnduded, eousinting of greeuhtone^ and wheh havr ,ipj’re4 

HchistH. An uneonforinahdlty oeeiir-* at the La-ie of ihi ' ^ 

Contcli ie li i ng, ehnraeteristje railier of the west than of fhr- r.i ;*, » it ■! of igLir^/ 
hiotite-Hidnsis ami tine grey giieisHeH of remiukahly ‘deirarir-r. In 

Kastern distriets of ( ’anada tin* lln-HtmgH and tlreiivdle .-lenr'i ahovr ipirtml t** ar*' 
oldest roeks to wlii<di a Hedimeiitary «*rigiu ran !«• aie-ijj,^nr.|. dle-y Irnr urr-n •. I 

by ])ortions of the Luurenlian gueinM-H, griunt*’ , nnd aie*Hho '50 ^ 

Laurentiun (“ Kumlainentul complex", ddn* roehs r^.mpi surd nirh-r fhi'i riion noi*’; 
include the oldest masses of the continent. dde'V are s.i e|j||,!ne .rl^.yic trr, .iod .st..- 
certainly in part younger ,t Inin the overlying formatein-i tlir " 'h::r .irj 

interval.” 

In the east of the (.huiadiaii region a large dcvidopioeni ,4 '-.e.iifijrijiiyy dcpoit^f.ii 
underlies the Cambrian forniiitionN and, imtijilv thiongh ilc’ l-ihoisri ^4 %fi, 
C. F. Matthew, lias heim imule to yield mi infcrr.Hting fniiii,?i. Thr»^*' iorhi». wlmdi li.rvr- 
heen -varioUHly considered as pre-C aiiiLrian and hh CaiuLrian, ocmii m ^■mv llnmiiiii. h , 
Capo Lreton, and Newfonmlland. In tin* Iiih! naincd di^tiirt h.rvr In-rii ■ 

(lividial by Air. Walcott an follows : 

^ C. ft. Van Hise, //, f/.X. r»', \ N*o, ; Idih /,hy,. f‘,x t; s 

In illustration of tlie differenee.H of opinioti among Nortli Anicrie;oi fh- -> **ffr| * 

tion of the pre-Camhri.nn roeks of the efintiiicuf. ih*- w'rm-i >i 5 di 

N. H. Wiiudiell in Anirr. ihui. voh. xv. and %vt,, pohle.le’d I ‘*PA 1 A, It IVilliu*-,*?, 
Juvni. (ieul.K. (IdOg), p. 07; A. (\ Law fi'i'iif, t t ..^1 S'.. 1. 

(1!K)2), p. .'il. 

“ddie Kparcluean Inti^rval," in the paper last 1 jted. 
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Random reddish and grey sandstones, with some shales and conglomerates, 

perhaps . . . . . . . . 1000 feet 

Signal Hill red and grey sandstones, with a thick conglomerate at the to[) - 3120 ,, 

Momahle dark brown or blackish slates (St. John’s), with obscure organic 

remains ........ 2000 ,, 

Torbay green, purple, pinkish, or red slates, in frequent alternations : forms 

supposed to l)e Oldhamia, found towards the top of the group . 3300 ,, 

Conception slate-conglomerate, slates (1650 feet) lying on diorites, quartzites, 

and jaspery bands and hard greenish slates (1300 feet) . . 2950 ,, 


12,370 feet 

At the top of the Random group lies a thin band of conglomeratic limestone, which 
is taken by Mr. Walcott as the base of the Cambrian system.^ 

Par to the west, in the heart of the continent, pre-Cambrian rocks extend over a 
wide area in Montana (Belt Mountains), where they consist of shales and limestones, 
with some quartzite and sandstone at the base. They attain the great thickness of 
12,000 feet, of which nearly 7000 feet are composed of shales in five principal groups, 
with two massive limestones, the lower of which (ISTewland Limestone) is 2000 feet and 
the liigher (Helena) 2400 feet thick. In shales at a depth of 7700 feet from the top 
of the series four species of annelid trails have been found, with worm burrows and 
thousands of ill-preserved crustacean fragments that appear to be early forms of merosto- 
mata.’-^ These strata are covered unconformably by others of Middle Cambrian age. 
Again, in the Grand Canyon of the Colorado, a remarkable series of strata, nearly 
12,000 feet thick, unconformably underlies a Middle Cambrian formation. It dilfers 
considerably in lithological character from that of Montana, presenting a much less 
development of limestone and a great predominance of sandstones, and including an 
interstrati (ied zone of basaltic lavas, with intercalated sandstones, 800 feet in thickness. 
Traces of organisms have been detected in the xipper (Chiiar) division of this series. 
One of these, a stromatopora-like form, was doubtfully referred by Dawson to Ci'ypto- 
20071, though he thought it might not be really organic. Some objects like discinoid 
shells have been described under the name of CJmariad^ 

Prom beneath the oldest sedimentary rocks, gneisses, and other crystalline masses 
like those of the eastern States and Canada rise to the surface in the mountain chains 
throughout the continent. Pre-Cambrian sediments appear in the Adirondack range."* 

Africa. — Crystalline schists and gneisses, with granites and other massive crystalline 
rocks, cover a large part of this continent. They come to the surface in many wide 
districts from Egypt to the Cape. From the first cataract of tlic Nile tlu^y stretch 
eastwards into the Arabian mountains and the peninsula of Sinai. They form the 
rugged platform which, stretching southward from the Nubian Desert, lias been over- 
flowed by the lavas of Abyssinia, and supports the great line of old volcanoes, of which 
Kilimanjaro and Mount Kenia are the chief. Crossing German East Africa and the 
British territories they sweep through the we.stern tracts of Matabcle Land, the 
Transvaal, and Bechuaiialand to the north of Cape Colony.^ They range along the 
_• * _ 

^ Proc. Washiyigto}^ Acad. Idci. i. (1900), p. 310. There is a dillerence of opinion 
between this geologist and Mr. W. G. Matthew as to the classification of these rocks. The 
latter classes as pre-Cambrian, under the name of “Etehiniiniaii,” the older sedimentary rocks 
below a certain sandstone which, he thinks, lies at or near the horizon of Olcndhifi' {Trains. 
New York Acad. Set. xiv. ]■>. 103). Mr. Wale.ott, on the other hand, carries the Cambrian 
down to the top of the Random group, and regards the “Etchiminian tcrraiie ” as Lower 
Cambrian. The Etchiiiiinian fossils are noticed p. 931. 

C. D. Walcott, Bull. Gcol. Sue. J'/ner. x. (1899), ])p. 201, 235. 

C. D. Walcott, oj). cit. pp. 215, 232. 

■* J. P. Kemp, Proc. Amcr. Assoc, xlix. (1900), Address to Geological Section. 

^ E. Cohen, Neues Jahrh. 1874 ; A. Sclienck, Petermaiui ^^^tiheiU xxxiv. (1888), p. 225 ; 
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west coast fit a or less distain’o fi’nin tin* iiilf* IIp- 

centnil plateau. Sonu* portions of tln-m have hi*»-n deM-rihiMi in il.-f lihi * »h'Vt'|i,pri| iti 
the Con, 1,^0 basin.' They rise in isniate.l traets «.f ihr Sah.ir.i an*! a|.p* ;ii af/ain in fh- 
core of the. Atlas mountains. 

1,1 India, tli(^ oIih‘st known roek- are wljjt h nieh-ilie llir- ne* r! 

ancient Pala’ozoie ronnations, ainl ap[»e 5 ir to heinn;' to tw»s ijeiiMtl i. I lo* olf|*>r mj 
R undolkiind ^mdss is covered umtontorniahly l»y eertain ‘‘ trateof ion tn ' siilme f V 

morphie” ro(dvS, wliieln a.s tliey approach tin* ymniifer j'm i c.. h. i-Mno' all« r»nl mid jnfri 
seetedby eranitic int rusions. Tin* youii^o-r or peninsular I’neiv. ia theM for*- f.eliev* d to 1 • 
a metaniorpliie series uneonfbnnable to the tdd«‘r eneiss. In the we-lein Ifimalavan rhaiii 
there are likewise two f^neisses a eeiitral ^ojeihN, pnd.ably Airha-an. ami an upper triirj-. =* 
formed hy tli(! nie,tain(»rphism orol<ier Palasizoic rooks into whirh if p.vr^e^. luci wim li li«* 
unconforinahly on the. (dder 'gneiss ami e«»ntaiii ahtimlanf s «h'i ived fiM?n it," 

China. I*re.-Cand»rian rooks are exten.Hivcly developed in Noif I p m ridna. foiniiu^t 
the fundamental mas.ses round and ov«t whioh the later ue-kH have !*eon hud dowiu 
According to IJiehthofen, the (d«lest portions of the sern-H arc inioa -i and 

granites with liornhliuide-.soliists, niie;uM,diistH, kr,, havini^ an *\.X.W. f»fiikeaiid fd»c|< 
inclination. Api>arenUy of later date an* s«»me ehhirite‘ym*iHHrH and ho! nblemic ipudvic ?^ 
with interealations of mic*a-^neiHH and grannlile, hut without jutu jij 

north Tshili and north Shansi, ninl marked by a persistent W.S. W, and K, N.K. Hfrikr 
Those rocks an; HU(!oo(;ded umsmforinahly hy a great Herien of groups win* h Jiiay belong 
to (listimd; pcu’iod.s. They eonsint of mica-schist h, orvHtitllsne bho k »|iiafl/ 

ites, liornhhuide-HoluHtH, eoar.st; eonglomerati'H, and greorj With some of th#c,r 

group.s arc aHHoeiat(?d granite, ]>egmalite, syenite, and ilie»jife. 'rim wholr! *icricH iiinirf 
went great plieaiion and dmmdatioii hefon* the deposition of the older Taheo/oir fnirins 
tions (Sinisian).'' 

Japan. The Almkuma plateau <d' Japan prenents a eopioijH ilrvelopmeiit of ainpli:- 

hole- and biotite-granitc.s, Irnth maH.sive and schiHtoHe, gmd^tH-niimusrlit’d, biolile-srhi'-sf 
with garnet or hornhh'iidc, titanito-iuiijjhibohj.fiohiMts, «juart/-srhi^d‘*, Jiinpldl*oh--pirrst#' 
and other erystalliinj maHrt«*M, which have heen fully dmtcrdmii by Prof»Hfc»r Koto,* 

Australasia. In New’ Zealand crystalline HchistH cover »n ?*iea of mpnire irjile^i', 

In the Soutii Island tin; umst ancient Palseozoir; rocks are iHiderlaiti by viwi ina.»es»'»» .*4 
crystalline foliated rocks traceable nearly conlinuoUHly on the we»it »ti4e *if if»p tmun 
watershed. The g(‘ologieal rtdationn of these maswH have n«tf yid le'en saliAbiilorily 
defined, and it doe.n n<»fc appear to Is* established whether any porfiona of tliejn i»|jp 
undou])t(;dIy prcdkiiihrian. They are divided by Sir .b Hector info two w rim, f4 
wliich th(} low(!r consistH of gneiss, granite, Atm, wdth an overlying of horrib|efpiir-'„ 
micaceous, and argillaceons Hehists (probably mi'laniorphosed Hevotiian ; while ihr 
upper con.sists of argillatasms slates and Midlists, which are regarded a’i piobaidy iillerr’^l 
Silurian or even Carbon if(*rous roeksg* In ('anterhiiry lliere m a n^ntriil 
micaceous, talcoso, and graphitic sehists, ovi-rlain by chlorifr and hornblende. 
and lastly hy a ([uarUiiic zone interleaved with rry^lalline !ie|ii»ii*4 anH 

gneisses form the rugged mouiitaimmK ground of soutli-ivr; 4 ern fitiigo. Tt.e centre (»4 


W. Gibson, Q. /, O. S. xlviii. (IhfgJ), p. ; 7V/<f/o». /'V4. lA If. 

Hatch, Q. J. a. K liv. (lahS), p. 7.'k 

^ J. (V)rnct, Ann. Sf»r, Behj, UrnL x.\iv. (189#), p. ‘Jo ; flnil, Sm\ fhhfr r//,./, %i. 
p. 311. 

M'cdlicott ami Blanford, ‘Manual of (Jnology of Imlhi,' pp. wti, and iildhiiiit lo 

2ud eflit. of .same work, cliap. ii. 

Kielitliofeu, ‘China,’ ii. 1882. 

■* Jonrn. (ML HvL Imp. (fair. Tokyo, v. (IM.idp Paff in. 

‘ Handbook of New Zi*aland,’ hy J. Hector, M. H., Welhiigtrm, 

'' Haast’.s ‘Geology of Canterbury,' p. 2fi2. 
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tins province is occupied hy a broad band of gently inclined mica-scliists and slates. 
These rocks are the main gold-bearing series of Otago.^ 

Rocks assigned to an Arclncan age are believed to cover an area of perhaps 20,000 
square miles in Australia. They consist of gneiss, mica-schist, chlorite, or talc-schists, 
hornblende-schists, quartzites, conglomerates, micaceous red mudstones, marble limestone, 
haematite, ilmenite, and graphite. They have not been definitely recognised in Victoria, 
New South Wales, Queensland, and the northern territory of South Australia, though 
some of the crystalline schists known in these regions may ultimately be referable to 
this part of the Geological Record. In South Australia they are developed on a large 
scale near Adelaide, and in the Mount Lofty range. At Ardrossan they are uncon - 
formably overlain by the Lower Cambrian Limestone. Archfean rocks appear in the 
Musgrave and Macdonnell ranges and in the Kimberley district of West Australia.- 
In Tasmania rocks assigned to the Archaean series cover large tracts on the west side 
of the island, and occur less abundantly in the north and east. They consist of gneiss, 
quartz-schists, mica-schists, talc-schists, chlorite-schists, siliceous conglomerates and 
breccias, with frequent subordinate bands of limestone, dolomite, serpentine, htematite, 
magnetite, and other minerals.*^ 


Part IL PALiEOZoic. 

It has been shown in the foregoing pages that though the stratified 
pre-Cambrian rocks are generally separated hy an unconformability from 
formations of later age, such a break does not always occur, and that 
in its absence, no sharp line of division can be drawn by way of upward 
limit to the pre-Cambrian series. It is obvious that the physical con- 
ditions of sedimentation underwent no universal interruption at the 
close of pre-Cambrian time, hut that these conditions, having already 
been established long before the Cambrian period, were continued in 
some regions into that period without a break. Moreover, it has now 
been ascertained beyond doubt that plant and animal life had already 
appeared upon the earth during pre-Cambrian time. Plence the term 
Palaeozoic, or Primaiy, which has hitherto been used to denote the 
older fossiliferous systems that terminate downward at the base of the 
Cambrian rocks is no longer strictly accurate, unless it is extended so as 
to include the very oldest strata in which organic remains have been 
found. Geologists have agfeed to fix the base of the Cambrian system 
at the OlemU'iis-zone, already referred to. It is quite evident, however, 
that at any moment a new series of fossils may be discovered lielow’ that 
horizon, and it will then be matter for consideration whether such a series 
should be included in the Cambrian fauna or be made the palaeontological 
basis for the designation of a still older geological system. In the present 
meagre state of our knowledge regarding these ancient rocks, it seems the 
most prudent course to take in the meantime the platform of the Olenellus- 
zone, which has now been recognised in many parts of the globe, as the 
Cambrian basement, and to fix there provisionally the downward limit of 

^ Hiitton’.s ‘Geology of Otago,’ p. 31. 

^ Professor Edgeworth David, Presidential Address, Proc. Linn. Soc. N. S. Wales, viii. 
(1894), p. 548. Por the notices of Australian geology on this and subsequent pages I ani 
much indebted to the lucid summary presented in this Address. 

^ R. M. Johnston, ‘Geology of Tasmania,’ 1888, p. 16. 
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the Paheozoic .seri(‘.s of systeiiiK. 'rhiif .serien will iii<*Iii«|r ^ill lii** 

older sedimentary formations from the hotfoiu of fla* ( aniini.ui Im iIh' 
top of the INo-mian sysf.(‘m. "Die strata enihraootl undrr fli»* nafipi 
sive desigmition of Paheozoie eonsist mainly t»f sandy ami inmldy 
with occasional intercalated /.ones or tlnok masMos uf linmnirmr. 
liear witness for tlui most par-t to e(mij>arat iv«*ly Hhal!««u ualcr ami tin* 
proximity of land. Pheir* fiaapient alt«‘niat inns of sand-loin*, , shall*, run 
glomerate, ami otlnn* d(‘trital materials, their ahundan! ripplm! and >1111 
cracked surfaces, marked oft.en with hiirrowsand trail- of uorm-, as widl 
as the pi*(ival(mt. eha,ra.et(‘r of their organic i-emaifis, sliow tli.it ihev niU'*! 
genera, Ily have been deposited in arc'as of slow Huhsidem’i*, hordi*riiig 
continental or insular mass(*s of land, dlndr linn'slom-H and cherts mar 
point to aecumulation in <l(u*per and elearer \vater. Frtun flic » h.ir.iefej 
of the organisms pr(‘Herved in tln*m, the Palteo/iue roeks, as far as tlm 
present (ivichmee goes, may he grouped inti» two main diudon . an older 
and a nevvan*: tin*, fonmu*, or Silurian facies (from fin* ha^c of ihr 
Cambrian to the top of the Silurian system), distinguished moje e.peeiallv 
by the alnmdanee of its graptolitie, trilobiiie, and braeldupedoiiM faium, 
and by the absimee of vm-tidmate remains, save from flm uppi'i mo-f 
formations; tin*, lattcu*, or ( ‘arbonifm’ous faejes tfrfim fh«' fop of the 
Silui’ian to the tof) of tin* Permian systmii). inarke*! }iy flic iiuiiiber aiid 
vari(ity of its fishes and amphibians, tin* absi'in’i* of graptolil* the 
decreasing numlrnr ()f trihddtes, and tin* iucreaHiug almiidaiice of its 
cryi)togamic t(‘rrestria] flora. 


Section L Cambrian. 


fJeneral ('haractei 


r H. 


In those regions of tln^ world wher«* the relatifiim of jhr pro I ambriau 
to the oldest urirnetam(>rph(>s(*(I Palmo/.oic roeks are nionf c|ea.rlr l■:vpoHl*f| 
and have been most carefully HtiHli«*(i, it is Hidrfom that any cHiifoiinaliie 
passage ean be, traced betwt*eii these two great rock^groupi*, iliniigfi, 
already stated, oecasional examples of stieb a gradation tiwnr. 
usually a nmrkwl unecnifcmnmhility ami stiamg lifliological contra-f 
been observed J)etwec!n tin* two 8eni‘h, the younger frf**|iif'ntly aboiiiiiiiiig 
m pebbles derived from the waste of tin* older, Surli a break points fn 
the lapse of a vast interval of time tiuring which the pre I ambriaii nicli^, 
after suflering much cnimpli ug and iiietamorpliiHm, were rhigeil up 
land and were then lauj open to prolorig<*d df*imdalioii. lliene rfiaiiges 
seem to have been more especially |n-evalenl in the nonherfi pan of ilie 
northern hemisphere. At all events, there is evirlniee of exiendve iiti 
heaval of land in the nortlewest of Kurope ami across the iioiiin*rii inirtH 
ot In orth America and Northern prior to the <le|if.rd! fif fin* earlieHt 

' Tba vast .ronion r.f tie* prv.|'ulr,*u^ui.. Ia,n i. siierr 

Nor hern ( unii wt.n*, as Uid.thoam hm peiimn ent, tin* vipw:-... ar. 

l»y tluawaialBof m-tnVsva inatmal 9irriiiifi..ri), in lli. 

which Pniiiordial foKHils an- fViufifl. M’hiim ’ vel. u. 1 1 


M%rT. i I 


S)sri<M 


IMl!) 


(»f tliii fonnatiiiri.H. Thcsi* hti'ata, ijMh’cd, 

wiTf frttiii tli<* cii'gimiiatioii nf that nnrth<*ni IuihI, tin* and 

liii*i<4ht nf whirit may In* in hohu* nit»a.sun‘ rcaliMCij front tin* onorniou> 
piit*H of m*(liiru*ntary rork which have heen forimal otU of i(s wastr. do 
thi.s day, much of the land in the boreal t racis of t la* mai Itinm homlsj)ln‘r«» 
still conMijitH Iff |ire ( aiubrian We caiuiot aflinti (hat tlm priiiicval 

northern land wan lofty; but, if it was not, it rnunt have been .subject e«l 
to re|Mniti*(l renewain of elt‘vation, ti> (‘onipeimate. for* the loss (»f hei^lif 
whii'h it jsidfered in tfie dfuiudation that preuided material for the deep 
ma.SHeH of Palseozene sedimeiitaiT roek. 

ddi(‘ ear’liest e(»um*eted .suite of deposits in tin* Paheozoie H<‘r{(*H rc! 
eeivtai the name ( amhrian*’ from Sed/^wiek, who with i^reat nkill un 
I’a veiled tlie st rat iyrapliy of the iinKst ancient .S(‘dimentary rtadiH of Nort h 
Wales fCamhria). Wlscui tire peculiar lii-a<‘hi«>pod(»UH ami triloldti*! fainia 
of Mureldson';^ Sibil iau yv.Uem was found to de.seeud into t ln^sc*, roekn, the 
term Id’iuioidial Zone or Primoidial Silui'iari was applieil to them by 
Harrande in nohemia. l'*or many ye*ar.H, however, they yielded ho few 
fossils that their place as a distirmt section of tin* ideological i*iuoi*d wan 
disputed. i'hentualiy by the laboiir.H (d Hari'arnh’ in Iloheiiua ; lliekn 
in South Wales; lh’o|d»der, LiiuiaiOMon, and ot ln*rs in Scandinavia ; Sehmidt- 
in the balue pro\ inee,H of IbrsHia ; l»illiii<d«S Matthew, Wddeott, ami other’.H 
in t'anada a,nd the Idiitefl Slates, as well an various workers in ot.ln‘r* 
eouiitrii's such a diHlimlive fauna has been hroiiidlit. to li|dh(. as nervcH to 
eharaeteri SI* a series of di’poMits at the iatsi* of the Pala‘ozoie formations. 
dduH ashcmblaide of fossils, Ikri’andes lir.Hf or Primoi’dial fauna, in nr>w hy 
common eonHeiit more commonly known as C amhrian. ddn* uhc of tln^ 
terniH ( aiiihrian and Silurian will hi* more fully referred to in later 

pa|4eH. 

iiOUKN. dim rocks of the ( amhrian Hy.Ht(*m pre.sent c'oiiHiderahle 
uniformity of li!ho!o|j;iejil eharaeier over the «dhdie. dln*y eonaiHi, of grey 
and ri.'ftdish grits or greywackcM, ijuart/.ite.s, and cough 'tneratcH, with 
HhaicH, slates, phyiliten, or HehiniK, and Honn^time.H thick maHHc.H of lime- 
Htone. ddteir fain** Ifediiing. Hpfde marks, and aun eraekH indieati* deposit, 
in shallow water am! oeeasioiial expoHtU'eof Iittora.1 HUi’fa,eeH to de:deea(.ion. 
Thr* limeHioncH and idieriHare doithtli^K the memorialH of deeper Hcaa where 
rneelianieal sedinn^ntH eease*! to be fleposited. No<itde.M and layera id' 
pliOHpliati* of lime ant found iiiiiong the shalen and limeHtoncH both in 
Kiirope and in Noilh Ami*riead Sir A. i\ Uaiimay anggesf ed that, flie non- 
fosHiliferouH red strata may have heen laid down in irdiuid h-aHiiiH, 
and he .sfiismlated u|ain the prnbahility even of glacial action irr raiuhrian 
time ill ItrilHiii.'' Ah might he e.\'peeted from tlreir* high anti<|uity, ami 
c;oiii4iii|iieiil esposiire to tliii terrentrial ehn.itgeM of a long aue.ecHaion of 
geologieai Cambrian roehn are iiHUally mneh disturbed. They 

^ rn|»i^rs4 hy 11, Hr»P.tr»a«a j,|t. nfni 

Itttll4«rili«*s llir^re eitr«l ; nhn J. ii. fa-tf, II Uiiri il ? |H|fr»„ 

Will fhid, Ftm'/'i* MX. j*. 

V, /. Ih K %%%iu U-H7la |», ‘i.sO ; f IH7-I-. p. aril ; /lo/., 

IHHfl, AUUrrs'n 
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have often been thrown into plications, dislocated, placed on end, clca^. fl 
and metamorphosed. In some repiions they contain clear evidence -f 
contemporaneous volcanic action, '.riius in Wales tlnw include tow;uds 
their base an interesting «ronp of felsitie and diabase-tnlls, and oli\ iim 
I diabase lavas, through which ei’ni)tiv.- acid rocks (granite, (piartz felsite, 
* &c.) have risen. 

j IjiFh]. Much inten^st n(,‘cessanly aUaches to ( aiiiOn’an iossils, t**r 

! excepting the few and obscure organic nuriains olitained fnnn |»if‘ 

'• Cambrian strata, they arc tin*. ol(l<‘st asseiiiblage of organisms yet know ii. 

! They form no doubt only a m<‘agr(‘, represemtat ion of tint fauna of wliiofi 
^ they were once a living part. One of the first n‘ficctio!is whic-h they 
gest is that they present far too vari<‘d and highly organised a suite 
orf^anisms to allow us for a inornent to su|)poHe that they inbicatj* lie* 
firk fauna of our earth’s surface. Un({UCHtionably they must haveliad 
a long series of ancestors, though of these; still t;arlier forms sueli slight 
traces have yet ]>een recovereel.^ Thus, at the very outse't of his study 
of stratigrai)liical geology, the olescrvei* is eonfr<mt(*d with a proof of 
the imperfection of the geological n'cord. Wdnm In* begins the o\. 
amination of the Cambrian fauna, so far as it has been prcHervrih 
he at once encounters further evielence of imperfetetion. W’holc trihrs 
of animals, which aheiost certainly were repia^Sfuited in (amhriaii 
seas, have entirely disa[)p(;ared, while thosi; of whit'li remaitis h;ue 
been preserved belotig to diflercmt and widely sejauated (livinioiiH of 
invertel)rate life. 

The prevailitig absence of limestones from the ( Vmbrian ileprmifs of 
Western Europe, except in N.W. Scotland, is aeeompanied by a scaja'ity *4 
the foraminifera, corals, and other ('alcaretms organisms which abruiiid 
in the limestones of the next great g(;ologieal series.™ 1‘!ie clmnieter 
of the general sandy and mu<ldy sedimettt nmst have determined tin* 
-distribution of life on the tioor of the ( ^imbrian sea in that region, ami tloiilu 
lest has also affected the extent of the final |)n*s(*rvation of thi; organ istiin 
actually entombed. In North Ameriai, on the; other hand, when* tliirk 
sheets of Cambrian limestone occur, the comlitions of Kedimentation havi* 

I been far more favourable for the preservation of organic forms ; hem-u l lie 
‘ known Cambrian fauna of this region exceeds in numerical value that of 
^ Europe, 

j The plants of the Cambrian period have heem sc'areely at all preserveii. 

I No vestige of any land plant of this age has yet heen detected. That 
the sea then possessed its sea-weeds, e^ui hardly he dou!U4*d, ancl various 
fucoid-lxko markings on slates and a'uulstcaujs (fjj, the s<rc‘iilled fueuiii«i 
of the ‘Tucoid-heds ” of N.W. Scotlaml, and of the ftiecu'dal gamlsumi* ‘‘ 
of Scandinavia) have heen rofernjd to the vegetalde kingdom. Tlii* 

^ [Richthofen lian suggeHtod that in China pOfsHihly some of the d*-«*p parO of lii»i “Hinihiiif i ** 
formation (which in its higher parts yields Rriinordlftl fosKih) may yet n-vi'tl trarcM of 
older faunas. 

In the Bailie Basin some hands of limestone oumr in thi* (^miipiirativcly tidn nmm *if 
Cambrian strata. In Scotland the Cambrian sy.stem includes Home IfdiO of ilolcimitit siitf 
limestone. 
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genus Eophyton ^ from Sweden, Phy codes from the “ Phycoidenschiefer ” of 
the FichteTgehirge and other forms from the Potsdam sandstone of hlorth 
America, have been described as 
plants. There seems to be little 
doubt, however, that of these various 
markings some are tracks, probably 
of worms, others are worm -casts, 
while some * are merely imitative 
wrinkles and markings of inorganic 
origin.^ It is not certain that any 
of them are truly plants. Some 
branched filamentous forms found in 
the Cambrian limestone of Sardinia 
have been described' as confervoid 
algae.^ What has been regarded as 
an undoubted organism occurs in 
abundance in the Cambrian rocks of 
the south-east of Ireland, and is named 
Oldhamia (Fig. 374). For many years 
it was considered to be a sertularian 
zoophyte, subsequently it was referred 
to the calcareous algae ; but its true 
grade seems still uncertain.^ 

Among the animal organisms of 
the Cambrian rocks some of the 
simplest forms yet detected are 
radiolaria (Sphseroidea). Lithistid 
sponges are present in Archaioscyphia and Nipterella ; and hexactinellids in 
Protospongia ^ (Fig. 374). No calcareous forms are yet . known in this 
ancient formation. The hydrozoa appear chiefly in the earliest forms of the 
tribe of graptolites which played such an important part in Silurian time. 
Dictyograptus {Dictyonema) is one of the most characteristic fossils of the 
primordial zone of Scandinavia. It is found also in Central Europe, Britain 
and North America. The St. John group of New Brunswick, which 
is referred to the upper part of the Cambrian system, likewise contains 
representatives of the Dichograptidae and Callograptidse. Casts regarded 
as those left by medusae on the soft mud by the sea-shore were noticed 

^ See G. J. Hinde, Geol. Mag. 1886, p. 337 ; the “fucokls” of the “ fiicoid-beds ” of 
N.W. Scotland are undoubtedly ■worm-casts. 

^ See A. G. Natliorst’s essay, “Nouvelles observations sur des traces d’Aniniaux, &c.’V 
4to, Stockholm, 1886. See note, jpostea, p. 936. 

® J. G. Bornemann, Nov. Act. Acad. Cm. Leop. Car. Ivi. 1891. 

^ Its claim to he considered organic has even been di.sputed, Ijiit from the manner'iu 
which it occurs on successive thin laminae of deposit I cannot doubt that it is really of 
organic origin. The latest discussion of the subject by Professor Sollas will be found in 
Q. J. G. S. Ivi. (1900), p. 273. Pie has no doubt of its organic origin, but cannot definitely 
say whether it. was a plant or an animal. 

® For a description of the character of this earliest sponge, see Sollas, Q. A CL 8. xxxvi. 
(1880), p. 362. 



Fig. 372 .— Olenellus (Holmia) Callavei, restored 
by Lapworth, the characteristic genus of the 
lowest Cambrian strata Qi). 
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by Dr. Natborst in 1881 as occurring in the Lower Cambrian rocks of 
Scandinavia. Since that time Mr. Walcott has brought to light a 
remarkable series of well-preserved casts in the Middle Cambrian forma- 
tions of Alabama. Those in the lower subdivision are referred to two 
genera, Medusina and Dadyloidites^ and those in the middle group to 
Laotira and Brooksella. The forms of these perishable organisms have 
been singularly well preserved in the fine sediment, and a series of casts 
of modern Medusse in plaster of Paris has illustrated in a striking manner 



Fig. 373.— Group of Cambrian Trilobites.i 

1, Olenus iinpar, Salt, (enlarged) ; s/Paradoxides Davidis, Salt, ; 3, Conocoryphe (‘0 Williamsoni, 
Belt.; 4, Ellipsocephalus Hoffi, Scliloth. ;.5, Agiiostue trisectus? Salt, (enlarged) ;'A, Microdisctis 
sciilptus, Hicks (enlarged) ; 7, Agnostus Barlowii, Belt, (enlarged) ; 8, Erinnys veiiulosa, Salt ; 
9, Plutonides Sedgwickii, Hicks; 10, Agnostus cambrensis, Hicks, (and enlarged); 11, Bikelo- 
ceplialus celticus, Salt. 

the process of fossilisation.^ The Actinozoa of the Cambrian period occur 
in a number of early types of corals which include the family of 
Archseocyathidse {Archseocyathus,^ Ethmophyllum, Spirocyatlms, Frotopharetm^ 
SoC.). The Echinodermata are represented by crinoids {Bendrocrimisf)^ 
cystideans (Frotocystites or Frotocystis, Fig. 374, Eocystites or Eocystis^ Macro- 
cysiellaj Lichenoides, Trochocystites, and other doubtful genera) and star-fishes 
(Falmsterma, Fig. 375). The crinoids reached their elimination in a 

^ Where not otherwise stated the figures are of the natuxid swe. . ^ 

2 Walcott, Mari. U.S. G. 3. No. xxx. (1898). 

3 Hinde, Q. J. Q. S. xlv. (1889), p. 125. 
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variety of forms during Palaeozoic time. Though, still enormously abun- 
dant in individuals on some parts -.of the present sea-fioor, they are but 
poorly represented there compared with the profusion of their genera and 
species in the earlier periods of the earth’s history. Palaeozoic crinoids 
were distinguished by the vaulted arrangement of accurately fitting 
plates, by which their viscera were completely enclosed, after the manner 
of the sea-urchins. The extinct class of cystideans, so named from the 
bag-like form in which the polygonal plates enclosing them are arranged, 
ap2)ear first in Cambrian strata and reach their highest development in 



. / Fig. 87*1. — Group of Cambriaa I’cssils. 

i, Arenicolites (Arenicola) didyinus, 8alt. ; 2, Oldliaiuia antiqua, Forbes ; 3, liyolithes corrugatu.s, Salt,’; 
4, Brotocystltes (Protocystis) ineiieveriHi.s, Hicks (f); fi, Protospoiigla fenestrata, Salt, (and en- 
larged f) ; 6, Disciim pileolus, Hicks (and enlarged) ; T", OboleUa inaculata, Hicks. 

the lower half of the Silurian system, above which they rapidly 
diminish, until they disappear in the Carboniferous formations. 

That Annelids existed during the Cambrian period is shown by their 
frequent trails and burrows (Arenicolites or Arenicola, Pig. 374, Cruziana, 
Scolithus, Planolites, &e.), and also possibly by the microscoihc ol)jccts (cono- 
donts) described by Pander from the Cambrian Blue Clay of Northern 
Bussia, and believed by him to be fish-teeth, but regarded by Zittel and 
others as more probably those of free-swimming worms. But the most 
abundantly preserved forms of life are Crustacea, chiefly ])elonging to the 
extinct order of Trilobites (Figs. 372, 373). It is a suggestive fact that 
these organisms appear even here, as it were, on the very threshold of 
authentic biological Mstoty, to have reached their full structural develop- 
VOL. II i> 
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ment Som (3 of them, indeed, \vt*re of diniinisicjns Nrareely vwr 
equalled, and alnsady preHenle<i yreat vari<*tj of form. Iiidi v idiiah'. *if 
the species lAmiilo.tiflrs /hiridis ar<* .soiii<‘tiini*s n<*arlv two ferl Imi!/, lint 
with these ^dants w’ere ininjL,de<i other typi‘.s of diniiiHili\e hi/,*. }t iii 
noteworthy also, a, s Dr. Hicks ha.s jHiinted out, that while ihi* tfilMlmr/ 
had attained their niaxiiimni size; at this early period, tiny iiere 
represented hy gtnieru indicative of ahiH^st twery staye of devel»*»|iiiioiif. 



l a 7 '». Or»»ujn,f C iitii 

1 , Ortho™™? K,Ti<-,., mi, Hull.; a, mmw.jv.m,,. IUrk, • :l I iimiiWa », . « 

4, Coiiulurla Iloinfrayi. Knit, ; Ordii. (■iitmj.n },ktU ‘ ii Ikdlfixtilit i'' I'l t' .. I ’^*'v ’ * 

Hopki.,H„,,l, IlickHVft, Hy,.,,., v,.rml,.«.i.la,H.lL Ui.d .i.k'yir 1, , , ' 

llickH (on larged). 

“Irom the littley?/«f«/«.s with two Hi, i„ the thonix. h,«| If,,, 

with our, to Hnnm,. «'ith twenty-fouV.” r w«.„, •,//,/„, !;iZZ 

larmlunda, Oleum and many other ('iunhriaa aom.ar C 

W1 lou eyes. In other genera {.IrUmeUm 

^ Tim recent ru«iar<ihc« of UmUtr-n, tim viki.al „rmm of triloMl,-. U' 
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(K:c.) th(^ eyt‘s sire st> ly .sImjwu that they wriv iU}rrc«»«;iii.Hrd. 

With th(%se iuniLs wvn^. a,HH()ciaU*(I (ithiM'H haviri^^ laryrryc-..* In lh«‘ hnvrr 
portions tlm systtnn the. ‘genera olrtullus { Fi;^. o!*'nrHui,i, h, ami 

llohiihi arc spociallv dist iiH't ivo. {)tlu‘r tdiarat'ti'rist i«‘ i aiulaian ^«‘nri*L 
(Fi^^ :>7;i) lH‘si(ios * thu.si! ah'naciy iiH»nti(»ni‘d im* Pini^^indt .% 

PitjchopdlUl, Sllid/mpirtl iU(^ I/lL'*'liii'fplftilux^ 

Eiin/rtf/r, SphiVt'ophthaimus, UlnumliS, Idtu^fnirtix, anil J /tf^pnlni Fhyllu 
carid (‘ruHtaceaiis likewise. <n‘cur (Hffmr utuufn.^, Ki}^. LuipitliH'di i .)^ 

and then^ are repn-stnitativen <»f tin; (».str;MMai;H iPnmitid, pfiiumdirlia). 

In striking eontrast to the; thoroughly FalaM»/oif and lon^ extiiK't 
order of trilohites, the Ihacdiiopods aj>pear in numerous ;i«mera <»f the 
simple noil artienlated forms %vhieh are still familiar in the livinf: world. 
Of th(‘ four orders into whit'h tiiey are divdded, the first (Atrmnata,) is well 
rc.;pr(*s(;uted hv' Jphitifd {ptttti'ind)^ (Jlnth/s^ ( iimltlht (hi^i^. .1 f 0, iilnuahttlu,'^^ 
Liutjubild (Fi^. ‘dTo), and JJdtjdhpi:^. 'riie, Neotnunata muster lar^^ely in 
the ^(‘ucra ^If'ytifrctdj . /r, Pimuu^^^sniidf^ f itstinttpiud^ I fi and 

l/isdmlrplH. 'I’lui articulate orders were likewise re[)re.Hente<l ; ihi; Fro 
treniata l>y Kd^yayuid^ Ltpftltd^ ; the lelotremata hy 

primitive forms of UhtpiehttiuHd. 

True mollusks were likewise present in t lie < amluiiin Heas, thouy^li 
their remains have only hetm sparingly preserved. I he haniellihraneliM 
or pehieypods (Fig. 375) appear to he represent«‘d hy J//w//e/oeAvi and 
other genera, pm’haps also hj /oW/V/a, wldefi if not a iTUstaeean iiki* 
H,sihrn(( is the oldest known hivnlve. *Vhv (5a:4mop<His have been 
more ahundantly pr(*m;rved. ddiey inehnle the andiaie *SV#7o7/n (the 
earliest limpe.ts), Strutdludd^ Pltifprrrd:^^ Ith(tplu,il«ntdi, fi* nnduf/tand^ Uphiit ttt^ 
Marldira^ and Snbnliits. 'rije Ftj-ropods may lie. n‘j»re 

sented hy sptades id TturUrUtp ilifuliflu UuA, / f ro/# #i/e.4, i \tltniintir:A 
and ////e//7//r.s* (Fig. 371). Two gmora of riaiitiloid ( Vplmlopod % fh(h(» 
rm/.H* (Fig. 375) and Fy/Zniv /aj, Iiavi* been <h*serihed fiom f piper t anihrian 
(Trernadoe) strata, hut doubt has heeii east upon '>iOju«* aljegefi (’amhrian 
forms. 

dakiug paheontologiea! eharaei.iTs as a guide in elas>dfieat-ioiu and 
espeeially the distribution of the trilohites, geoloppHfs have i^roupnl the 
C’amhrian na'ks in three divisifUiH - the loWfU' or Olemdln^ group, the 
middle or Piimdoxidiaii, and the upper or nlenidian. 

§ 2 . Local I te%^tdopiiient. 

Britain. Til# ar«a of liritaifi ii» ike fiilk’^5t. ikn‘rjf#|»fnrat, et ikr* uklrsit kiie»n 

r«*.;ki liiis ytt lieeii f*'Hi}i4 fk»^ *»! \V»^|rn, ‘'t’ke ar*- llieri'' 

Akmi. xxxiv. Ii01| iipikfiit4s llail the *'>#*■ like rei|.te m ei'uerii ii#4, « 

true pyi*. 

^ (p J. (L S, %x\ii\, |f. 17-L 

'** 8o; Htjilgivirk's .Mi'iiioir'i la y. J. .v. i, u. %ai,, au4 ko «f ike 

f.>f tilt! iSiilisli gHkeM/pnr ilM, | h;,|» • Hy*in-fa ' aii4 

Hiilts'-r’s M jii, «f’ f 'miiliriMri ^oi4 Hihifiisii M>ilk ky J%~4ic*k k» i^7«* . 

* Xortli Wnltw, ‘ fp-tfhHpmi Hun't}! Mrmtou %-*4 lii. , #il#4 l»V Hilirr, 
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of great thickiiCHs (l‘J,0(K) or iiion*;, tln-y ;» rutii i i-, 

Bomowliat scanty, is sullic.iciit lor purjiosos of .stratigia|*lii« al «’<»! i >.ii i f l' * 

I ])0SSCSH additional importance from the faef thiit they wn*- lije In t i , l , 

fantiquity to ho worked out stratigraplncally and pul. I'outfOn^i* ally. A • u.i? » ’ f ‘ *. 

they were called (lumhrian hy Sedgwick, from their l•\fe^{‘,iv^ .ir%rh«pi«* lu N • I i 
Wale.s (Cambria), where he originally studied them, 'fheir line let * i iiMv ie • • « fi 

Prof(‘Hsnr Hugln^.s, I)r. Ilii'ks, IM'idessor I»oiiiii‘y and oth<'i>" le fn i** fli it u » Mjjpe i A • 
and grit gmicrally mark the liase of tln^ dambrian M-rie d A*eMiiiyi;f A. ^ 

Ramsay, on the otlna* hand, the base. <tr the Camhdan sei icH eitle i i.\ rc, * 5 

' lying formations or liy thr-: metaiuorphism whiidi, in liis opinioin li r^ e*jin»ole i y . 
of tln^ Cainhrian series into various c.ryHtalline r«n-kH. RmIij in |*«'!nl»if iliii * 4ic| 

‘ Caniarvonshin* tln^ lowest visilde .slatirs, shaleM, and ^4nd?4«»n« « ai*' " t wdl# 

and pass down into a volcanic .sinies (bd.MteH, diiihases, and tsdl • . ?le 
not been found. In certain localities, as in Anglesey, Cambnaif lj;d i ui*- ’« *fi !'* h« osi* 
conformably on pre-Camhrian .scdiists, and there not only the liii i’ iit'Mt v< 4 ’ ani* ■ op I***! 
some of the lowest inemlsM’s of the- fosHiIib*r<»ns Meries arc W infiiig. Ijo ie r= 
only an uneonformahhyjunction, hut an overlap. 

Starting from the voleanii* group at the hasin tlie gcobtysHi rai} tiu-c rui «p»as-l 
succession through thousands of feet of grits and slutc* into ilc’ Sihiiiiin ffy^rm, 
Considerahle diversity ofojdnion has existed as to th»' line- wleac tie- npp-.ri lifnil 'd' \tm 
Cumbrian divi.siou .should h(< drawn. MundiiHon contended ili.il liii’-i line «^|co5|-i !»« 
[iluccd hclovv .strata where, a triloldtic and hracdiiopodoUH f.imm l«c;:2te'*. uici lliiii fb* 
strata cannot Ik; .separat<;d from the ‘>vcrlying Silurian sy^tcut. H»- ibr'irf'Mir dc 
as Cambrian only the harre.n grits and skates of Harlech, Idani^cii^, and fbe 
d Sedgwick, on the. other hand, iu.siste<i on carrying tlt«’ line up to tie- hav.r eif Hc' 
SSiluriaii roeks. He thu.s left these rocks us alone, emistitutini?' fie- Sihiuaii utril 

niasHed all tin; Lower Silurian roc.ks in his (hunhrian Mysicm. .^lurehr^'O owl 

the .stratigraphical order of succeHsion from uleive, tddelly hy help of rir-sitn.- 
He advanced from wln‘r<* the superjMwitiou of the rocks is clear find uiid’euhted. ;«nd l»if 
tlie. first time in the. history of geology, aHeertainml that the ** l‘ran>'Ulie»ii »4 

older goologist.s eoidrl he arranged into /ones hy means of rfairael }■• fi-ei';i|s, us >'oi!|i:v 
faetorily as the Secondary ftjrmathum hucl been fdassified in a similar maiiie-i hy Wihwin 
Smith. Year hy y<‘ar, as he found his Silurian ty|H*H of' hfr desiri-nd 
farther into hnver depo.sits, In* pushed Iruck ward the limits of hr-* Sihii laii fj* 

this he; was mipporte'd hy the general consent of geologid.^ and p»hrt»Si|oi*»gi^?% nil #.tu-s 
the world. Sodgwdek, on the; oilier hand, attiic-kcd lli«* proldem ralhci lie- 

of stratigraphy and geiologicul structure. Though he had collrrir-d |>,,||| urnm' of 

the rocks of which he had made; out the* true or<li*r of HUcr'e.'.^.don in .\r,rih lc» 

allowed them to lie for years uuexatniiu'ei. Meanwhile .Murrldw..n had Miido'd th»' pi^ 
longations of some of the same rocks into South \YiileM, and laid ohf omd Ij,.. 

copious .suite of organh; remaiuH which charactcriHcd hii* |.«»4vr| Siluii.in h .i m.iii 40, 
Similar fo.ssils wore found ahundaiitly on the; e'lmtiinmi of KniMpc ;j|ol in Aii.^ 11^,1. 
Naturally the classificjation propostMl hy Alurchison wiih grm«-i4ily adopt* <|. .yi p*. 
included in his Silurian systenn Um ohlcst nicks then known p.* roiitJiin ji di 
fiiiina of trilohite;H and brachiopoels, tlie carlit;st foshilif'i'ronii rotkf* ii» i' «i#r. uh^i. 
clas.secl as Silurian. The name Cambrian was regarded hy geologisi-^ *»| *4 Lm 

. M . . . 

lIurkncK.s, Hicks, Hughe.s, Lapworth, CJrooiu, and otherH in thr (j, J, r;, A’ aii-l 

to .some of vvhicli reference is made* below. J. E. Man; in hci * rhir.jfi, of fh* e 

and Silurian Rocks, ’ give.s a l»ihli(jgraphy of the hii!»ji»r| up to |k%4, 

e.\tenHion and development of the ( -umbriau Mysteiu over the Old ami v» \\ o? Id . 1 . P4 , 1 ,..i 

by F. Freeh, (*iuupL n‘/id, Cftftpr*\s (uul. Jnictittft. Hi, IVtIrr 4 e*iii|; , p 

' Q, J. a. ,S'. xxxiv. 1). Ui ; xl. ( 1884 ), |.. 187 . F.ir i„ ti i,!, . ..,,5,. ,j, 

subject HCe tbe siiim: Jouriiul, xlvii. (ISiH J, Aim. Aiblrcc.., p. ilf) Dr,/, 
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as the designation of a British series of more ancient deposits not characterised by 
peculiar organic remains, and therefore not capable of being elsewhere satisfactorily 
recognised. As above stated, Barrande, investigating the most ancient fossiliferons 
rocks of Bohemia, distinguished by the name of the “Primordial Zone” a group of 
strata forming the lowest member of the Silurian system, and containing a peculiar 
and characteristic suite of trilobites. Murchison adopted the term, grouping under it 
the lowest dark slates wdiich in Wales and the border English counties contained some 
of the same early forms of life. 

Subsequent investigations, by the late ]\rr. Salter and Dr. Hicks, brought to light, 
from the Primordial rocks of Wales, a much more numerous fauna than they were 
supposed to possess, and one in some degree distinct from that in the undoubted Lower 
Silurian rocks. Thus the question of the proper base of the Silurian system was re- 
opened, and much controversy arose as to the respective limits and relative stratigraphical 
value of the formations to be included under the designations Cambrian and Silurian. 
Ko such marked break, either paleontological or stratigraphical, had been found as to 
afford a clear line of division between two distinct “s3^stems.” Those who followed 
Murchison contended that even if the line of division were drawn at the upper limits 
reached by the primordial fauna, the Cambrian could not be considered to be a system 
as well defined and important as the Silurian, but that it ought rather to be regarded as 
the lower member of one great .system compri.sing the primordial, and the second and 
third faunas, so admirably worked out by Barrande in Bohemia. To this system they 
maintained that the name Silurian, in accordance with priority and justice, should be 
assigned. Unfortunately a disagreement, which was not settled during the lifetime of 
Sedgwick and Murchison, bequeathed a dispute in which personal feeling played a large 
part. And though the fires of controversy have died out, it cannot be said that the 
questions in debate have been left on a satisfactory footing. There was a tendency 
towards a general agreement that the name Cambrian should be assigned to the strata 
containing Barrande’ s primordial fauna as far up as the top of the Tremadoc slates of 
Wales, when in 1879 Professor Lapworth propo.sed, as a compromise between the two 
views, that the lower half of Murchison’s Silurian system, which Sedgwick had claimed 
as Cambrian, should be detached from both and erected into a distinct .system under 
the name “Ordovician,” the term “Silurian” being refstricted to the uppenno.st 
formations of the series. This proposal, wdiich was honestly intended to obviate con- 
fusion aiid to promote the progress of the science, was, in my opinion, especially” imju.st 
to Murchison. The division of “Lower Silurian ” had the claim not only of ])riority, 
but of having had its (‘omponent members defined by the author of the Silurian system 
in the early years of his investigation, and accepted by geologists all' over the world. 
The primordial fauna which Barrande had shown to underlie the Lower Silurian rocks 
■of Bohemia was liardly known to exist in Britain during Murchison’s life, and certainly 
w”as not then ascertained to have the stratigraphical .significance ami wide geographical 
diffusion wdiich have now beiui proved. It had come to be universally admitted that 
this fauna marks a distinct section of the geological record to wliicli by common con.sent 
the name Cambrian bad now been approi)riated. The upper limit of this fauna having 
been generally recognised, it wuis not a question of fact but of nomenclature w”bich w'as 
involved. To wipe out Murchison’s accepted designation from half of the system 
which he w”as the first to define and describe, Is a change quite unwarranted hy any 
discoveries that have been made since Ills time. On the plea of “convenience” the 
term Silurian has by some w”riters been removed even from the remaining portion of 
the original system of Murchison, w’hose de.signation, so long one of the classic terms 
ill stratigraphy, is thus expunged from the geological record. It is hardly possible to 
prote.st too strongly against tliis procedure. 

These changes of nomenclature are unjustifiable even on the plea of convenience. 
If confusion ha.s arisen in the use of terms, it should he removed in some les.s drastic 
fashion than by excising terms which have become ins(*parably interwoven with geological 
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literature. The changes, moreover, are retrograde in character and contrary to paljeonto- 
logical evidence furnished by the rocks themselves. In previous editions of this text- 
book I have contended that the most natural and logical classification is to group 
Barrande’s three faunas as one system, wliich in accordance with the laws of priority and 
obvious justice should he called Silurian. The palceontological reasons for this arrange- 
ment were so cogent to Murchison’s mind that he strenuously insisted on the unity of 
his “Silurian system.” Since then the arguments that appealed so forcibly to his 
mind have been greatly strengthened by the continued advance of our knowledge, and in 
no respect more than by the researches of Professor Lapworth himself. That graptolites 
are organisms thoroughly typical of his Silurian system was fully recognised by 
Murchison,^ but he was unaware how valuable they would become as indications of life- 
zones throughout the wliole of that system from bottom to top, and how in this way 
by fresh detailed proof they would serve to link the whole of the sedimentary deposits 
in which they occur as the records of one great biological er§, at the end of which they 
disappeared.^ 

After the first edition of this work was written, in which the future merging of 
Cambrian and Silurian into one great system was regarded as probable, the father of 
French stratigraphical geology, the late distinguished Hebert, thus expressed himself : 
“I adopt the opinion of M. Barrande, based as it was on such thorough and prolonged 
research, that there is one common character in his three first faunas which unites 
them into one gi’eat whole. To these faunas and the beds containing them I assign 
the name Silurian, because the Silurian fauna was the first to be determined ; and, further, 
I am of opinion that the Cambrian group ought not to appear in our nomenclature as of 
equal rank with the Silurian group, of which it is merely a subdivision.”^ In the same 
year F. Schmidt, so widely known for his life-long labours among the older paleeozoic 
rocks of the Baltic provinces of Russia, expressed the same opinion, remarking that he 
would prefer to regard the Cambrian as onl}’- part of one system extending up to the over- 
lying uiiconformable Devonian rocks."* This classification has been adopted with modifica- 
tions. The International Geological Congress published in 1897 a scheme of geological 
chronography by Professor Renevier, in which the whole of the formations in question 
were grouped under the name “Silmique,” the lowest of the three grou^xs into which 
these formations had long been divided being termed Cambrian, the middle, as ])roposed 
by Lapworth, Ordovician, and the uppermost Silurian. The obvious objection to the 
use of “ Silurique ” for the whole and “Silurian ” for only the up^ier member appears 
fatal to the adoption of this arrangement. This objection is met by Professor De 
Lapparent, who classes as Silurian the whole of the formations from the base of the 
Cambrian up to the bottom of the Devonian series, retaining Cambrian for the lowest 
and Ordovician for the middle subdivision, and proposing the term “ Gothlandian ” for 
the uppermost. Such an arrangement is logically sound, and might be adopted if it 
did not involve so serious an alteration of the nomenclature in general use. It will not, 
however, satisfy the follower.^ of Sedgwick to see their master’s “system” placed as 
the lowest member of the Silurian formations; nor will it remove from the minds of 
those who are loyal to the memory of Murchison the apprehension that the removal of 

^ Thus in chap. iii. of ‘ Siluria ’ he remarks that “ wherever graptolites are found they 
clearly mark the rock to be Silurian” : and again, “the mere presence of a graptolite will 
at once decide that the enclosing rock is Silurian.” 

- M. Delgado, tlie distinguished Director of the Geological Survey of Portugal, has recently 
reaffirmed and supported Murchison’s dictum, “Nous arrivons a la conclusion que les 
graptolites caract^risent exclusivement le syst^me Silurique. ... On doit par consequent 
considerer commes Siluriennes toutes les couches ou paraissent ces Hydrozoaires ” {Cmnm, 
TJirec. Serv. GeoL Portugal^ iv. Fasc. 2 (1901), j). 227). 

B. S, a. F. xi. (1882), p. 34. 

* Q. J. G. 8. xxxviii. (1882), p. 515. 
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tlie landmarks set up by him niay only be the prelude already actriidv i!> a 
extent realised) to the dropping of liis name Silurian froni the rock? wlii.-h lit 
first to investigate and describe. !For these reasons I prefer to retain the ■.itii. : 

which has hitherto been given in this text-book, adopting Sedgwick's name r.aii 

for the rocks containing the first fauna of Barrande, and Miirehlson’s teniis •” Lnwcr 
Silurian" and “Upper Silurian " for those in which the second and third fiiuris .ire 
preserved.^ 

The Cambrian rocks of Britain vary widely in miueralogieal com posit ioii, thi .k- 
ness, and area of exposure in the diiferent districts where they rise to the siirih/e. lu 
ISTorth AUales, where they cover the widest extent of ground, they consist of pnrp'e, 
reddish-grey, green, and black slates, grits, sand.stones, and conglomerates, witha I'idianic 
group at the bottom, the w^hole attaining a thickness of probably more than h-vt. 

In Western England this enormous mass of sedimentary material has dwindled sliovii to 
a fourth or less, consisting at the base of quartzite and sand>,tone, and in tlie iipi^T 
part of shales. In the East of Ireland, rocks assigned to the Camhrian system resemble 
on the tvhole the Welsh type. ' In the north-west of Scotland, on the other hand, the 
Cambrian strata, about 2000 feet visible, consist of quartzites l^elow. gradiiati.’jg iipm'ar<!s 
into massive limestones. The following gronpiiig of the Briiisk Cainbriaii rocks has 
been made : — 


\Va.les 

(ranging up to 12,000 feet or 
more). 


Tremadoc Slates. 


Upper or 
Olenns series. 

Hiddle or Para- 
doxides series. 


lower or Olen- 
cllus series. 


1 Lingula Flags. 

\{Lingu lella^ (Jlemis, &c.) 
f IMeneviaii Group {Para- 
{doxide.s. 

'Harlech and Llanheris 
groiij) and hasenient vol- 
■ canic rocks ( ‘ ‘ Pebidian ’ ’ 
of Hicks), bottom not 
^seeii. 


Western Esr.L an p , 

(about 3000 ff*et). ; Gt _*’««> ft-rt 1 


Shiiieton Shalesi //d’/yo- 
graptus IDicti/oiieniu] 
Oleti its, &c.) 

Conglomerates and lime- i 
stones (Couiley ) 'with . 
Pantdoocides, kc. 

Thin quartzite passing I 
up into green dags, grit.s, ; 
shales, and sandstone 
(Coral ey Sandstone) con- | 
taining Olenellus. : 




mite and Iiuirs:.)ne, 

with .1 r 

31 a el Oph Uf!> t , 

Miuch Orthx- 

ceras, and vast quan- 
tities of annelid cast- 
ings. 

Simles with Olenellns^ 
SidterelP. 

C,)iiartzite>. with anne- 
lid bnrrcw^■. 


Lower.- — In South Pembrokeshire the lowest visible Cambrian rocks are of vob/aiiie 
origin. They consist of fine tail's, and silky schists with sheets of olivine -dia’Mse and 
andesite, and intrusive quartz-porpliyries.*^ It is this volcanic group which the late Hr. 
Hicks proposed to class as a pre-Cambrian formation under the name of “IVbidiaii " 
(p. 896). Ill Carnarvonshire the Llanheris Slates, whieli form the lowest nuiiil vr of the 
Cambrian sedimentary series, are interleaved at their base with b;mds of volcanic tnlfs 
and rest upon a mass of C[uartz-felsite, which is the lowest rock visible in the di>trict.’‘ 
The Oleiiellns-zone, the characteristic palaeontological feature of the lower Cambrian 


^ The reader who would peruse a weighty and dispassionate exammati' Ui of this diisputed 
question in geological nomenclature should turn to the essay by the late veneiable Professor 
J. H. Dana on “ Sedgwick and Murchison; Cambrian and Silurian" Sc/, 

xxxix. 1890, p. 167). ‘With the conclusions of his exaininatioii of the whole subject I most 
thoroughly agree. 

2 The chief authority on the fossils of the Lower Cambrian rocks is the nionograpli by 
C. L. Walcott, “The Fauna of the Lower Cambrian or Oten^lius-zone^'’' published in the 
iQth Ami. Mep. JJ.S. Qtol Surv. (1890). This work contains figures and descriptions of 
this the oldest known distinct assemblage of organisms, and gives a bibliography of the sub- 
ject up to the year of publication. Some of the other more important memoirs will l>e cited 
in subsequent pages. 

2 Q. J. Gf. S. xxxix. (1883), p. 294. C. Lloyd Morgan, oj). cif. xlvi. (1890), p. 241. 

^ A.. G., op. cit. xlvii. (1891), Presidential Address, p. 90, and authorities there cited. 
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group, has not yet been certainly established in Wales.^ It was lirst detected in tli e British 
Isles by Professor Lapworth, who in 1885 found fragments of Olenellus'on the flanks of 
Caer Caradoc in Shropshire, associated wdth Kutorgina cingulata, Linnarssonia sagittalis, 
ILyolithellus and Ellipsoce;phciliLS.'^ It has been found by the officers of the Geological 
Survey in the west of Ross-shire, where the following lower Cambrian strata niay be 
traced in a narrow strip of country for a distance of more than 100 miles : — 

Base of .Durness limestones with ^cdterdla. 

Band of quartzite and grit (Serpulite grit) with abundant Salterellcf^ MctccullochiU 
and occasional thin shales with Olenellus. 

Calcareous and dolomitic shales (“Fucoid beds”) with numerous worm-casts 
usually flattened and reseiidding fucoidal impressions. Olenellus occurs in bauds 
of dark blue shale. 

Quartzites, in two divisions, the upper crowded with worm-burrows, the lower be- 
coming pebbly at the base and resting unconformahly on pre-Cambrian (Torri- 
donian or Lewisian) rocks. 

The discovery of the OlenelluS’Zone, in this region has given a definite geological 
horizon from which to -work out the stratigraphical succession above and below. It has 
conclusively proved that the Torridon Sandstone, formerly cla.ssed as Cambrian, must be 
relegated to the pre-Cambrian series (p. 890). Above the quartzite and shales which 
include the Olenellus-zone, there lies a series of dolomites and limestones, divisible litho- 
logically into seven groups with an aggregate thickness of about 1500 feet. Their original 
upper limit, however, cannot now be ascertained, for it has been concealed by the great 
dislocations which have so complicated the structure of that region (see Figs. 344, 369). 
We cannot tell what additional thickness of limestone may have been accumulated 
in the north-west at the time when only mud, silt, and sand were deposited over 
the southern parts of the British area, nor by what kind of sediment the limestones 
were succeeded. The limestones (now chiefly in the form of dolomite) are most fully 
developed around Durness in the extreme north-west of Sutherland, w'here they 
have yielded a large number of fossils. The facies of these fossils, however, is so 
peculiar that it has not yet been possible by their means to correlate the rocks 
containing them with the Cambrian formations of Wales. The limestones are so 
crowded with worm-casts that, as Mr. Peach has jjointed out, nearly every particle 
of their mass must have passed through the intestines of worms. Hence they are 
obviously of detrital origin, and were probably formed in chief part by small pelagic 
animals. Only one coral has been found in them. The most abundant fossils are 
nautiloid cephalopods {Orthoceras^ Riloceras, Litiiitcs) ■, next in number are gasteropods 
(chiefly Maclurea and Pleurotomaria), while the lamellibranchs and brachiopods come 
last. The bivalves have their valves still united, and the lamellibranchs retain the 
X)ositions in which they lived. All the specimens show that every open .space into 
which the calcareous mud could, gain access and the w'orms could crawl, is traversed by 
worm-casts. In the case of the Ortliocerodites, they seem to have lain long enough un- 
covered by sediment to allow the septa to be dissolved away from the siphuncles whicli 
they held in place; many of these siphuncles are now found isolated.” Sponges of 
the genus Calathiuvi are scattered through the calcareous sediment, and likewise 
the doubtful but characteristic Cambrian forms, known as Arclimcyathus which, once 
referred to the sponges, are now thought to be more probably corals. The general 
assemblage of fossils, as was originally pointed out by Salter, is of a distinctly North 
American type, and does not resemble that found in the slates, flags, and grits of 
Wales. The conditions of deposit must have been so entirely different that a great 
contrast in the organisms of the two areas of sedimentation could not but occur. 

^ Dr. Hicks believed that it exists there, Qeol. Mag. 1892, p. 21. 

^ Lapworth, Geol. Mag. 1888, p. 484 ; 1891, p. 529. 

Brit. Assoc. Rep. 1891, p. 633. Peach and Horne, Q.J. G. S. xdviii. (1892), p. 227; 
1. (1894), p. 661. 
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barrier that completely sejiara ted the areas, remains uncertain, Tlu* iiiiriit.'-,'- 
as re|;ards their fossil contents and litholofTical ehamcter. inav he e -nipa: --I v^'h], th* 
Potsdam sandstone and Calciferoiis group of the United States ami Caim 1 a. Tie r r- ! : • - 
sent the Middle and Tipper Cambrian, possibly part of the Lower Silui'iiii f»>rni.iti i, • 
Middle.— This group appears to be most fully deveiopt-d in Sent li Wab-. ’.vlrr. it 
iras first studied by Hicks, and found to yield a immh^-r of cliaracter:<i ■ 

He has divided it into two groups, the Solva below and Menevian abov#-. Fiftn rl.- 
lower group a number of trilobites, including the typical genus % l.ave*' ^ > n 

obtained, also Pliito'iiiiies, MicTodi^iis, Agnostus^ Cunocui'iiph^x There o<'oiir 
annelides {Arenicolites), brachiopods {Discina, ZU(fuleIltf\\*ieva^Oils , ii; I i 

sponge (Protospo7i(jza). 

The name Menevian was proposed by Salter and Hicks for a series of saiid-tonts 
and shales, with dark-blue slates, flags, and grey grits, which are seen near St. Itivid's 
(IMenevia), where they attain a depth of about 600 feet. They pass eonfoniiably iido 
the Lower, and also into the Upper group. They have y hided upwards of oO 
offo.ssils, among which trilobites are specially prominent. ,-/ /.•> the 

genus, -while Agiiosins, A nopolenus, En'u mjs, and fAmocorifphf' ate of fiv-iuent *»: . urrerce. 
Sponges [P/'ofosjmiijia) and annelid tracks likewise occur. Tht* hi;i: hi« Oi d-* are 
represented by the genera Discina, Ziiu/nM la, OboPIDu and OAhh : and the ntei.vpriU 
Ogrtothcca and IlifoUthcs. An eiitoniostraean '.^Eiittuals and ey>:i.l!.-.iii iv * ■ -- 

have also been met with. 

UrpEii. — This highest section of the system has for a long time bt-cn divi'h' I in 
Wales into two well-marked groiipsof strata, the Lingula Flags below and rLv 
Slates above. The latter division contains a fauna of a mixed or Tmn>itioii.*d < ]j;ij*ac!>/r. 
While it still displays a number of Primordial forms it includes so many Silurian types 
that, on palaeontological grounds, itniightbe more appropriately placed at tlud asf* i f th*-* 
Silurian system. But it has so long been taken as tlie highest member of tlie Can ; «riaii 
formations that it may perhaps be most conveniently retained in this place. As alre.idy 
stated, the characteristic palm ontological feature of the Uj>]>er Camlu'ian sn-uta i> !li^' 
prevalence of trilobites of the genus Oleiius. 

Lmg}ila Flags . — These strata, consisting of bluish and black slates aiulil igH, with 
bands of grey flags and sandstones, attain in some parts of Wales a Tliickii«» "f re 
than 5000 feet. They received their name from the vast innubt-rs • f a 
[Lingidellct Davhii) in some of tlieir layers. They rest conformably u]'on. aii l 
down into, the Aleneviaii group below them, and likewise graduate into the Tiviuali •>,- 
group above. They are distinguished by a eharaeteristie suite of ^.trgaiiii- ivinaiiiS. The 
trilobites include the genera Olenus, Agnostas, Conoco rifvhe, ainl /^^h ’.■<* / /. '/.us. 
Early forms of phyllocarids {EipmmocKj'Ls) and gastero[M>ds -[Ptltcr-ojOtCnt cecnr in 
these strata. The brachiopods include spieeies of XingnP/la L, PorlsA . ■s o’.ci. 
Obolella, Kutoj^gim, and OrthCs. The pterojiods are reprt*sented l*y species of //y; 
Several annelides {Cntziana) and polyzoa {Foicsiellao likewise occur. 

A subdivision of the Lingula Flags into three sub-groups was i.ropost-d l y Mr. 
T. Belt, in descending order as follows : - — 

3. Dolgelly slates, about 600 feet, well seen at bolgelly, consist of soft and laird 
blue slates and contain Protospongitu Lingiildht, Vrfhis ftoif icnhiSs, PPtnrti 
scarabseoides, Parabolina sjginuhtm, Agnostas f dnerfas, Co 7 iociir;fg<iiC ohitfo. 

2. Ffestiniog tiags, about 2000 feet, well seen at Ffestiniog, consist of hard sandy 
micaceous flagstones, and have yielded Zingiildht Dtfrisii, (Jb ito.'i tmccif of-s, 
ffgniefiocaris verniicaiida, Belleropho n cainbrensis. 

1. Alaentwrog flags and slates, about *2500 feet, best seen at Maentwrog in 
Merionethshire, consist of grey and yellow flagstones, and grey, blue and black 

1 B. 3N. Peach, Q. J. O. S. xliv. (ISSS;, p. 407. 

- <tW. AUnj. (1S67', p. 538. 
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slates, and contain among their somewhat scanty fossils Olenus cataractes, 

0. (fiG.kisu.i!, Afjntistus (pis/fortnis), A. tichIosus. 

Tremadoc Slates.— llik name was given by Sedgwick to a group of dark grey slates, 
about lOOO feet thick, found near Tremadoc in Carnarvonshire, and ti'aceable thence to 
Dolgelly in Merionethshire, and reappearing be 3 'ond the eastern side of Wales at the 
Wrekiii, in Shropshire.'^ Their importance as a geological formation was not recognised 
until the discovery in them of a remarkably abundant and varied fauna, which includes 
early forms of crinoids, star- fishes, lamellibranchs, and cephalopods. The trilobites are 
more especially characteristic ; the 3 ^ include some distinctively Cambrian genera {Olemis, 
Agnostiis, DikrJoccpJiaius, &c.), but they are marked by the appearance of new forms 
{ AnifeluMy Asiyphellus, C/ieirtimSj Cyclogiiathus, Euloma, Jscsciirct'iis, Nidbe, Paraholinella, 
Shu7)iardla, Spuqdii/su rus), a few of which attain a great development in the overlying 
Silurian sj^stem. The pliyllocarids are represented by Ceratiocaris and Lmgidocaris. 
The same genera, and in some cases species, of brachiopods appear which occur in the 
Lingula flags, Orth is Icnticularis said Ling/ulella Davisii being common forms. Hicks 
described 12 species of lamellibranchs from the Tremadoc rocks of Ramsey Island and 
St. David’s, belonging to the genera Ctcnodonta, Pcdaeaixa, Glyptaixa, Eavidia, 
Modiolopsis. The cephalopods are represented by Orthoccras sericcum and Cyrtoceras 
2>r&cox ; the pteropods by Hyolitkes Davidii, IT. qperculatus, and Comdaria Homfrayi; 
the echinodernis by a beautiful star-fish [Palasasterina, rainsey etuis) and by a crinoid 
(Dendrocrimis ? cambreiisis).- Careful analysis of the fossils suggests a separation of the 
Tremadoc sub-group into two divisions. The most characteristic forms of the lower 
division are Eiobe Romfmyi, E. 7 nenapiensis, Psilocephal%s {? Symphysurus) imiotatus, 
Atigclina ScdgicicLii, Asaphclhis affinis^ and more particularly ftcthelliformis 

{JDxctyotietna, socialc)^ which is a characteristic fossil of the uppermost Cambrian rocks 
in Scandinavia and Russia. The upper division contains Asaphelhis Jfotnfrayi^ 
Cotioeoryjdie [Cydognathiis ?) depressa, and other fossils liaving a general Lower Silurian 
facies. 

The peculiar fauna of this group has been shown by Professor Brdgger to have a wide 
geograpliical extension. He designates it the Euloma-Eiobe fauna, which is recognis- 
able in the Christiania region, Bavaria, Southern France, Bohemia, and Sardinia, and 
can be traced in Canada and Newfoundland. He enumerates among its characteristic 
genera and sub-genera of trilobites the following forms : JShumardia, Orometopus, 
Ceratopyge, Cydognathiis, Paralolinella and Angelina, Pccmrilla, Nescuretus, Euloma, 
Harpides, Anacheirurus, Lidiapyge, Apatoceplmlm, Pikelocepkalina, Eikelocephalus, 
Asaphelina, &c. He regards it as a distinct subdivision between the Eictyograptus-s]a.tes 
below and the Silurian strata with Tetragraptiis, Phyllogmptus, &c. (p. 969).^ 

It was the opinion of the late Sir A. C: Ramsay that though no visible uncon- 
forinability can be seen at the top of the Tremadoc group, nevertheless there is evidence 
on a large scale of the transgressive superposition of the Arenig rocks upon the Tremadoc 
Slates and Lingula flags below tliem.’^ The transitional character of the Exdoona-Nidbe 
fauna, however, would appear to indicate that in the region of North Wales no serious 
interruption of the continuity of the sedimentation took place, nor any marked 
interference with tlie progress of biological evolution. The vagueness of the boundary 
line between the Cambrian and Silurian systems is only a proof of tbe artificiality of our 
stratigraphical subdivisions, and the variety of opinion as to where the line should be 
drawn points to the essential unity of type in the Cambrian and Silurian faunas.® 

^ Callaway, Q. J. G. iS. xxxiii. (1877), p. 65*2. Lapwortli, oj). cit. (1888), p. 485 ; 
(1891), p. 533. 

^ Hicks, /. G. S. xxix. p. 39. 

Xyt. Mug. xxxvi. (1898), p. 239. 

^ Meni: Geol. Sure. hi. ; ‘ Geology of North \¥ales,’ p. 250. 

® On the subject of this boundary line, consult besides Brbgger’s recent paper above cited, 
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In. varions parts of England representatir^s of tUe Cambrian svst».‘in have ^ v i,.,. 
coTered. One of the most important of these is iu the range of tiie Mai wni , r 

the suyoi^etl groups, comprising some SOOO feet of strata, are reeogiiisahh* lu , 

ing order — 

4. Bronsil grey shales, 1300 feet, inclnding ahont 300 feet of dial*ase< an4ba-alt« ■ 
Eict^mw'mamemie, Tmmev^ymjnrS^ematieunh Ll>iiii'-hEa SU:h&PQji^ L 
sonia MeU% (MMM. (I) Salteriy HyMkes . , 

{JParaboltmella} tTm-rthrus, -tViofit’ ke. This suhlivisioii A r*‘-l\t^\vd 

to ^correspond, on the whole, with the" Lower Treuiarioe beds of Nonli Wao ’^. 

3, White-leaved- Oak black shale-s, which, iiieluding two bands of oliv lUt-lusAlt 
(300 feet), hare a thickness of about 800 feet ; separable into two zonm t 
that oi Poli/phyma, containing Pohjphifrm Lap-^i^rthl la fossil i-.robably allM 
to Jieyrichla ProfmjH fenedrafa ^ AerdrA’i f.h 

Kutorgiiia cingiflata^ Ltnyulellti Sidu^i^onu and ih'^ that of 
containing Sphm'ophtiiuliiiuti alatifs \ = nknj>A^ hmiiilk, FhOLI, 
bisidcctUf^ Pdtiu'ii scctrahitroi'fles^ tnsei'tMSf IJifijuk.'lhf pitgviMi\ 

JPurchisonia fTlgptarcti ostraeoils, s|K>X!ge* spicules, feraiuiiiifera. 

&c. This subdivision incknles strata that may be correlated with t!i« ■ap|«!?r 
part of the Lingula Flags (Upper Dolgelly Be* lV;. 

2, Hollyhush Sandstones, perhaps lOOO feet thick : Kutorgino. td ugnlat’i P'. .i n.di ^ 
Liiinarsonuf mgittaHs, (hihidhera {Jlyi^iifhes j< •/ a* ^ 

(and several other species';, Si:viw>HhTisni ttHtl'iifissiiNU, Ai 
foramiiiifera as glauconitic casts. 

1. Malvern quartzite and conglomerate, perhaps ‘200 or 300 feet : Fossils rnre, 
include A'nfor^</i« PhiUiysii, i^deila frrovtnll, priifiaTus, f # , ? 

Jistida^ Ibraniiniferal glauconitic casts. 

The various subdivisions of the Cambrian system wore probably deviositeii over the 
Midland region of England, but they hare been for the most imrt buried nmler jcuiiger 
formations, and are now only visible at a few jdaces where they have beeii ridged up aiid 
denuded. In the Wrekin and Caradoc district the Cambrian strata, about 2<'i‘0 feet 
thick, hare at their base the Wrekin Quartzite, lOO to 200 feet thick, which has yieMe«i 
a few worm-hnrrows. It is succeeded by the Comley or Hollyliiish &a.nHl>-to2ie. w hich ia 
places is shaley and calcareous, and has furnished in the lower parts CailarP^ 

Agraidos, Stemtheca^ and Kutorgina cingidata ; intheupjxer |»arts s G>‘~ o :ii.u 
Above those sandstones lie tlie Shin et on Shales, containing a fauna like that of the 
Tremadoc Slates. At the Pictyonema sociak is found, in the middle i » rti n f i nis 
of Bri/ograytus^ and in the highest beds many genera and .species of the L. wrr S iluriin 
family of the Asaphidic, in association with species of Ohraus and other Caiid riaii f i 
In the Kuiieaton district of Warwickshire another ini ier of ancient strata was rlrst 
recognised as Cambrian by Professor Lapvvorth. It has the Hartsbill 4i2artzite> at the 
bottom, w’ifcli their interst ratified zones of shale, .and near the top a thin band of irudhli 
limestone containing species of and Orthotheca, Odeoloidr's f ii'picaus. .v/v.io/bfoy 

rugosa, Kutorgina cingulata, &c. These fossils suggest a Low'er Cambrian iiniizoii. 
IN'ext come the Stoekingford shales, divisible into three groups, the Piirley shales at the 
bottom, ■vvith(?) Conocoryphe coronata^ Aerdhclegranidata, Lu^ipdasg., fJbvh'iit! 
JETyalostelia, Protospcngia fenestrcda. In the middle lie the black Oldlmry shalvs, with 
Cfenopyge pccten^ Sphserophthalmits alatus, Otemis^ Agnosfus jnsghrniis„ P-ykhm 
Aiigelim, &c. The uppermost or Merevale shales are marked by the oeiiirrtiice of 
Pictyonema sociale, and are probably, like the Bronsil shales of Malrmi, somewhere 


his ‘Silurischen Etagen 2 uiid 3 im Kristiaiiia Gebiet, ’ 1SS2, p. 158- Liiinarssi >11, GcA. 
Foren, Stockhobn, ii. (1874), p. 273. d. E, Marr, ‘ Class iticatioii of the Caiiilsriati and 
Silurian Rocks,’ 1883, p. *23; ‘ Principles of Stratigraphical Geology,’ 1898, p. 152. 
J. C. Moberg, Sverig. GeoL ZJndersbkn. C. Fo. 109 (1890). 

^ Professor T. Groom, Q. J. G. S. Iviii. (1902 ), p. S9. 

^ Professor Lapwortb, Proc. GeoL Asme. 1S9S, p. 337. 
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about the horizon ot the Lower Tz’emadoe or Upper Dolgelly slates of North Wales4 In 
the heart of the Lickey Hills a quartzite like that of Nuneaton is referred to the 
Cambrian system. It has only furnislied some Avorm-burrows. 

In the south-east of Ireland masses of purplish, red and green shales, slates, grits, 
quartzites and schists occupy a considerable area, and attain a depth of apparently 
several thousand feet without revealing their base, though in Wexford they may possibly 
rest on pre-Cambrian rocks. They have yielded Oldhamia^ also numerous burrows and 
trails of annelides {Histiodcrnm hihcriiimm, Arenicolites didyimis, A. sparsus^ Hmcgh- 
tonico pcecila). In the absence of fossil evidence it is impossible to bring these strata 
into correlation with those of AYales. Some portions of them have been considerably 
metamorphosed. On the HoAvth coast they appear as slates, schists and quartzites. 

Continental Europe. — According to the classiticatiou adopted by M. Barrande, tlie 
faunas of the older Palreozoic rocks of Europe suggest an early division of the area of this 
continent into two regions or provinces, — a northern province, embracing the British 
Islands, and extending through North Germany into Scandinavia and Russia, and a 
central- Eiirojiean province, including Bohemia, France, Spain, Portugal and Sardinia. 

Passing from the British type of the Cambrian deposits, we encounter nowhere in 
tlie northern part of the continent so vast a depth of stratified deposits ; on the contrary, 
one of the most singular contrasts in Palfeozoic geology is that presented hy the develop- 
ment of these formations in Wales, and in the north of Europe. The enormous masses 
of sediment, tliousands of feet thick, and with such uniformity of lithological character, 
which record the oldest Palaeozoic ages in Wales, are represented in the basin of the 
Baltic hy only a few hundred feet of sediments, which show strongly separated litho- 
logical subdivisions. Again, while the English and Welsh rocks have been much 
disturbed, those in the eastern part of the Baltic basin remain over wide tracts hardly 
altered from their original condition of level .sheets of sand and clay. 

In Scandinavia the Cambrian system lies with a strong unconformahility on pre- 
Cambrian rocks.- The so-called “Primordial zone ” of this region appears to be every- 
where characterised by uniformity of lithological composition as Avell as of fossil contents, 
consisting mainly of black shales with concretions or thin seams of fetid limestone. 
The following grouping of the Cambrian system has been made, the whole tliickness of 
strata being about 400 feet (120 metres). 

3a. Limestone and shale with the Eidmim-Niobe fauna (see pp. 922, 969). 

2. Olenus group. About 200 feet of bitumiuous fissile alum-shales, Avith nodules 
and layers of fetid limestone. The following zones in descending order were 

^ LapAvorth, op. cit. pp. 338-350. 

- For Scandinavian Cambrian rocks see Angelin, ‘ Palreontologia Siieciea,’ 1851-54. 
Kjerulf, ‘ Norges Geologi,’ 1879 (or ‘ Geol. Siid. und Mittl. Norwegeii,’ 1880). Uahll, Vldensl^ 
Selsk. Forliandl. 13^1 . Nathorst, Kongl. Vet. Akad. Forlumdl. 1869, p. 64, and ‘ Sveriges 
Geologi.’ pp. 116-154. (The appendix to this volume contains a detailed catalogue of the 
literature of Swedish Geology.) Torell, Acta Univers. Lund. 1870, p. 14 ; Kongl. Vet. Akad. 
Forhandl. 1871, No. 6. Linnarsson, Srensk. Vet. Akaji. Ilandl. iii. No. 12; ‘ Oni 

Agnostus-Arterna,’ &c., Sverig. Geol. UndersUkn, ser. C. No. 42, 1880; ‘Deundre Para- 
doxides lageren vid Andrariim,’ op. cit. ser. C. No. 54, 1883 ; (deal. Mag. 1869, p. 393 ; 1876, 
p. 145. Tullberg, ‘Skiines Graptoliter,’ Undersokti. ser. C. Nos. 50,55 (1882- 
83) ; Z. Leutsch. Geol. Ges. xxxv. (1883), p. 223. W. C. Brdgger, Kyt. Alag. 1876 ; Geol. 
FUre'n. Stockkolm, 137 1886, p. 18; ‘Die Sihirischen Etagen 2 and 3 im Kristiania 
Gebiet,’ 1882. Lundgren in text to AngeliiPs Geol. Map of Sweden, N. Jahrh. 1878. S. L. 
Toruquist, Of eers. Akad. Fork. Stockholm, 1875 ; Geol. Fbren. Stockholm, xi. (1889), p. 299. 
J. C. Moherg, op. cit. xii. (1890), p. 447 ; xxii. p. 523 ; xxiv. (1902), p. 44. Moberg and 
PI. Mdller, o}). cit. xx. pp. 197-290. Lapworth, Geol. Mag. 1881, p. 260 ; 1888, p. 484. 
Marr, Q,. J. G. S. xxxviii. (1882), p. 313 ; ‘ Classification of the Cambrian and Silurian 
Rocks,’ 1883, pp. 72-100. 
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noted by S. A. Taliberg — zone with „ / i. - 

Jiixhelli/orme, {^) Cj/chtffnuihifs fit ycmjyiffftiSy [tj] m'mV'.. ? /. 

care c((Muriconie^ (^’) PiU'a^Kitinci A) sp., . i . ,7., 

special zone of this genus, of which it has liiany speeies, h ,1 

(«) Agmstns pisijormi!^, J. C. Mol>erg lecogniNes live zoiit.s in tl;r- sZT^r,] . 
which ill descending order are : (5 AiYcneare ami ' • 

and Eiirycare^ (S) Parahdlna apia hIumu ( 2 ^ ititni's tnnnvf<^^, H \h/ , 

2 nsiformi.^ {forma Professor Krogger has abl>revi:itrd thi> l 

by making two chief zones, ahightn- ;2f/)with Pdfinv, Vitclp.^jffh _ .1; -I 
a lower (2 a-c) with Olenas (in the strict sense ’ Pa Ath^tlna, E'- ■> , d:. il^ 

niaiiitams, in the pajver already cited, that the Ihct n<^irnp 7 ai> >. 
should be placed in the Lower Silurian, and accor.iingly lie draws tj.e line l> r 
the top of the Cambrian series id the bottom of these Veds Ip. 'H>y . 

1 . c, iL Paradorides group. About IdO feet of sandy shales aliiiu >h:ilrs. wiin ihit- 
bands of limestone, the lowest (1^ feet;, known as the “ Fragiueuteiikulk. ’ !i.t 
middle as the ‘^Exsulaiiskalk,” ami the highest rJ to 3 feet tlie *" And rani :ij>- 
kalk.” Tullberg divides the group into the following zones in dn-NCfiidn, : 
order, {la) A ffuiudifs liy ritiatits, d - Poouh^yides F>rdiho..n,^r--L ,Thi- > t:>* 
horizon of the Andraruiu limestone, which contains an abniiilant fann.t, includ- 
ing many’ species of AtjnoHtas ami other triloldtes. . v- An.n.JtKs h 
\i] Poraihi.i'ides (/A Oai«ri>rii 2 >li^' . */ , p.u?- ■so,.. :> 

Ai/iOisti(ti iiiterjiieditt.% (e.i Micrndisafs sraai^‘u.s, J fj- ny-e -iphr' 

AiiiLosf\rt< afacas, [h) “ Fragmentenkalk " w ith Ptira<> -'.0- 
Black alum- shale with LiufiitfePa, Ai'rofnt'', xP"--eIo>^ k.y. Piv,tr>.x -r l\r ..iiv’ 
recognises two chief bands, the higher marked by . /' 

hammeri, the lower by P. o/aniUcas, P. T*\^siiu\ P. I fn rails, a. . 

1 . h. Olenellns group, consistingof two thin lian* Is of strata. /, Phosphate nut 

and sandy shale with LimraleJlan Acrathrit:, &:e.. o* Saii<ly >iiaies ii.r 

sandstone (greywacke-shale) with VieneU as Ejcrrljl AAot-.- X. , - 

sJcioldi, A rionellus prima’rrfi, Jli/aUtkes, &e.- 

Though the Scandinavian Cambrian .series is so luneli thinner than ihat of 
it contains the three distinctive life-platforms recognisable in Britain, and ap] ears iLu,!. 
to be a full pmlteontological and homotaxial equivalent of the mindi fiillei d»-¥t lopiiit ni 
of sediineiitary material in Britain. But, as lias already bet u pidntrd out | „ e'-" . tie 
older Paloeozoio formations of A^orway and Sweilen displuy iem;irka-‘ le j.il 

differences on the east and west sides of the axis uf the peiiiiiMiIa. >nggs'.>i.i\'e >.1 a 
former land-barrier, on the ttvo sides of which tlie cliaracter and t4 : ;»> -r li - 

nients were strongly contrasted. On the eastern siJe the Cainljriaii ..ih;! 
formations p>re.sent the iioriiial fossilileroiis aspect above described. ]»nr vu the 
side tliev* consist of vast piles of crystalline schists, which might l e taken t - pii - 
Cambrian formations if their true age were not indicated by the oeeasi-nial oc-, !;:i > ’. .t ». i 
organic remains in some parts of tlicm. The lower group oftlifse inetarin •rpho.-rdi i =. k-. 
known as the Rbros schists, consists of niurkedly crystalline soft inhLi-sehhi& 
Ideiide-mica-scliists. Ko fossils have been fouinl in it, but on stratigrapliical groiii,.-.is it 
is regarded by Tuniebohni as probably of Cambrian age." The overlying ...iii i 

limestones are believed to he Silurian. 

The most extensive tiaet of fossilileroiis, older Palieozoie strata in Seanliiiiavia -xt* iidn 
among the Arclitean rocks and crystalline schists as a broad but iiitcriui.Uti belt 
from Jcmtland through Iv'orrlaiid and Vesterbotteii into Laijland, a distanet- of i.iorr thin 
400 Eiigdish miles. In this area hotli Cambrian and Silurian foruiations are well 
developed, and present the .same recognisable zones as in Southern SoandiiiaTia, tlioiigli 


^ Ckol. Form. Stockholm, xxii. (1900), p. 533. 

- S. A. Tullherg, AtliamL Soerig, (jeol. Utiflrivtlkn. ser. C. Xo. 50 ,18^2 . W, 1 . 
Brogger, Gevl. For. Stockholm, No. 101, vol. viii, (1SS6), p. 190; Xorges, Goa. T.-rf . 
Ko. 11 (1893). K. A. G-rdiiwall, Qeol. For. SttHphdm, xxiv. 1902, pp. 309-345. TLc 
figures in this table are continued upw’ard into the base of the Silurian system p. 96y . 

^ Sverig. OeoL Unders. ser. Ba. No. 6 (1901), pi. 43. 
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with many local differences, Loth in the nature of the sediments and the character of the 
fauna which they contain. In Jemtland a zone of sandstone lying on the Archcean 
gneiss contains the Olenellus-zone, and is followed by the alum -slate, with nodules of 
fetid limestone containing the zones of Faradodddes celandicus, F. Tessini, and P. Forck- 
haimmri and a considerable assemblage of other trilobites. Higher bands of alum-slate 
with similar calcareous nodules form the Oleniis groni^, composed of the zones of Agnostus 
pmfor 7 nw, Olcnus gihbosus, Parabolina spimclosa, Furijcare latum and PcUitra scara- 
bse-oidcsL The same zones are prolonged northward along the border country between 
Sweden and Xorway. In the district of Tiisjon, in the west of Vesterbotten, among the 
tracts of quartzite and sparagmite the following upward succession of Cambrian strata 
has been observed : 1, Grey pyritous quartzite ; 2, Fossiliferous limestone and quartzose 
band, containing small concretions of phosphorite (9 cm.), and covered with a thin part- 
ing of alum -slate and dark grey limestone with ; 3, Black limestone (18 cm.) 

containing Liostracas Linna?'ssoni, Acrothcle, sp. and indicating the zone of Faradoxides 
Tessini. Above a thin phosphoritic layer lies (4) a greyish black fossiliferous limestone 
(3 cm.) with a Faradoxides, possibly P. Porc/iton wierf and Solenople\ira (?) ; 5, Alum-slate. 
From the same band of strata there have likewise been obtained Agnostus gibhus, A. inter- 
■medius, A. parvifrons, mBxkmgihe Paradoxidcs Tessini zone, and from other localities in 
the same district, Faradoxides blandicus, F. Forchliammeri, Feltura, Sphserophtliabnus, 
JSolenopleiora hrachyinetopar 

The Cambrian type of Southern Sweden' undergoes considerable modification as it 
passes eastwards, into the Baltic provinces of Russia. The black shales so character- 
istic in Scandinavia thin away, and the distinctive Paradoxidian and Olenidian divisions 
disappear. A group of strata, traceable from the S.E. of Lake Ladoga for a distance of 
about 330 miles to near Baltischport on the Gulf of Finland, with a visible thickness of 
not more than 100 feet (but pierced to a depth of 600 feet more in artesian wells) consists 
of three subdivisions : {a) Blue clay composed of a lower set of iron-sandstones (300 feet), 
resting on granite and an upper blue clay (300 feet), formerly noted only for some 
obscure fossils {Flatysolenites^ Pander, probably fragments of cystideans), but now knowui 
to include the OleneUus-zone; (b) Uugulite grit (50 to 60 feet), containing Oholus ApoUinis 
{Ungula, Eichw\) Sclimidtia celata, &c. ; (r) Dictyonema-sXioles (about 20 feet), with 
Didyograptus {Didyomma) flahellifoy'niisA The researches of Schmidt have clearly 
sliowni the relations between these soft and seemingly not very old deposits and the 
Cambrian system of the rest of Europe. The lower sandstone, blue clay and a fucoidal 
sandstone lying immediately above the latter form an unequivocally Lower Cambrian 
group, for they have yielded Olenellus MicJcioitzi, Scenella discinoides, Mickwitzia mon- 
ilifera, Obolclla, Discina, Volborthella (doubtfully referred to the Orthoceratites), Flaty- 
solenites and Med'usites. Professor Schmidt points out that a complete break occurs 
between the top of the fucoid sandstone and the base of the Ungulite sandstone, and 
that this hiatus represents the Paradoxidian and Olenidian groups, while the Dictyo- 
nema-shales form the characteristic uppermost zone of the system."* The Cambrian 
sea is known to have stretched into Siberia, for Schmidt has described Agnostus from the 
Olenek in lat. 71°. The genera Liostracus and A'n&mocare also occur in that region, while 
in the valley of the Lena limestones with Microdiscus represent the Olenellus-zoxie, which 
extends to near Jakutsk. The same zone, as a limestone containing Archseooyathus, 
appears in the island of Vaigatch. 

1 C. Wyman, Bull. Geol. Inst. UpsaUt, vol. i. No. 2, 1893, and references there given. 

2 H. Lundbohm, Afhandl. Sverig. Geol. Undersdkn. ser. C. No. 177, 1899, p. 33. 

^ F. Schmidt, Q. J. G. S. xxxviii. (1882), p. 516. 

^ Acad. Imp. Sci. St. Fitersb. xxxvi. (1889), No. 2 ; Bull Acad. St. Pdcrsb. 
XXX. p. 501; “Excursion diirch Estland,” “Guide des Excursions,” No. 12, Congres. 
Giol Internal St. Petersb. 1897. E. von Toll, Mem. Acad. St. PUersb. viii. (1899) 
No. 10. ’ ’ 



SECT, i § % 


CAMBRIAX SYATKM 


In Central Earop#, Cambrian rcK’ks rise from niider later ai- - m- n, ] ?■ 

and the north of France, Spain, Koheusia, ami the Thiuiii.irer Wald J -i:' 

portantin France and Belgium is that of the Anlenues,- where the pri-j.-iml r :■ i;- 

grit, sandstone, slates, and schistose quartzites ur «]nartE-sckists iquartjn-ph’. ^i,id * 
Dumont), with bands of whet-slate, quartz -porphyrv, diabase, dbrite, mii-i hr'u.kyr-^' i_ 
According to Domont these rocks, cornprehended "in his ‘ Terrain A iw/ ,'111 :- 
grouped into three great subdivisions— 1st and lowest the ‘‘System^ 
and greeiiisli quartzites with shales or phyllades, emiiaiiiiiig / f, 

annelid tracks (AenuW) ; ‘2nd, the “ Systeint* Reviiiieii,” phylknhs him '.’..i-m mo l 
quartzites from w’hicli Dictijoy rapt its fiaht-ilifornuK . Incti^viUuia s*. k . .Ui.f rM- 
burrows have been obtained; 3rd, the “ Syst-nu* Salxuieu." ciOssiNtiii^ lujiif.-i' ,,f 
quartzoseand schistose strata or qiiarizo-phyliades, and yielding Ul-tui^arn^t 
^ormis. Chondrites antiqaus and Limtula. The l>evillia.n and heviinin divi.,;. 
united by Gosselet into one series eornposotlof ,j/ Violet slates of Funiav : h f'd i k 
pyritous shales of Kevin ; (r) magnetite slates of Deviile ; >I black in-ritoiis d 

Boguy. These rocks have been greatly disturbed. They are cuvcred inieitnloruiady hv 
Devonian and later formations. 

In the nortli-’svest of France, extending through rlu* tjhl itiovir.o.-s vi' 
the west of K oriiiandy and the north of Poitou, a great isolated niass of aneiuit th. L' 
rises out of the plains of Secondaiy formations, and the piv-Cainbriini re 
referred to are there succeeded, with a more or less distinct uir-iyiiCiniiv 
thick series of sedimentary groups which are now eonsideicd U) b/ ..f Caiii;, riu, . 
In 'western Brittany the pre-Caiuhrian green silky schi^ts known as the * * hh\ H i, '.. >1. 
Douarnenez,” which are believed to he about SuOO inttres iliiek, are fidhjwcd. n*:Tl;.ii > 
uneonformably, by purple conglomerates, sometimes 530 metres thick, nr 

into red shales winch ha v'e a vertical de[ktli of ‘2,>0U metres, and are siinnoiiiited hv the 
Gres Armoricain or bottom of the Silurian system. In these strata Sr>>hJl,rs an i 
occur, but recognisable fossils are extremely rare, and no trace has ver * ».- n 
found here of the more typical Cambrian forms. In tlie ba>in of Ileiiiies 
bands of limestone, sometimes magnesian, together with quartzites, cunglomerj!---^. i:,i 
greywackes occur in the Cambrian series. Great local variations appear in tlit* litliol.MV 
and tliickness of the series ; in Central Brittany it is marked l>y the inti rval.itioii '[ :a : I 
lavas and volciinic tutfs. In the region of the Sartlie. the luseineut e.'iigk>ii:vr:i:,. ^ 
followed by grey shales with thick bands of siliceous ami magnesian i.-r. 

which lies a series of sandy rocks containing liumthi cruiafua ami pas>iii^ r.n tie 
Gres Armoricain.^ In Southern France, from the Cambrian ri>eks which tl^nk rlie 

^ The student will find a useful coinpeiuliuin on the correlation r;f the aii<l 

Silurian rocks of Western Europe by S. Toriiqiiist in Fifi-tai. :\i.. 

(1589), p. 299. 

“ Dumont, ‘ Menioires sur les Terrains Ardeunais et Elicnan,’' 1$ 47-18. Ik-wahpuc, 
‘Prodrome d’uiie Description Geol, de la Belgitiue,’ ISdS. Monrlon, ‘■(buhgie dr hi 
Belgique,’ 1880. Gosselet, ‘Esquisse Geol. dii Xord de la 1' ranee.' xc., and l;i> 

great Monograph, ‘ L’Ardeiiiie/ J/fza. Carte. O'toL deiaUl. 4io, t*. Mal:ii>.c. Ji V, 

Acad, Roy. Belg. 3rd ser. ii. (1881), iSTo. S ; op. cit. v. idSSB), ZS'o. 1 and N'o, 6 ; 

Geol. hiternat. Paris, 1900, p. 561. The petrography of these rcx*ks ha.s recently l.ecn again 
discussed by Dr. J. deWindt, Jfevt. Cour. ^ar. Etraug. Acad. Rs\if. Bdg. I vi. : and 

their stratigraphy by M. Lohest and H. Forir, Ann. Bctc. Geoi. Mehj. xxv. his. 1399-lHX*. 

^ The (pre-Cambrian) phyllades of Brittany and the (Cambrian) |»iirple eoiigloiiierak ^ 
and red shales w'hich succeed them were exhaustively treated by Hebert, B. S, G. F. il 
xiv. p. 713. See also Tromelia et Lebesconte, B. S. G, B\ iv. (lS7d;, p. 5. 5S;5 : 
A 5 SOC. Franc. 1875. Tromelin, JTranc. (1879), p. 193. Lel^escoiite, B. fd 

{3)x. p. 55 ; xiv. (lS86),p. 776 ; xvii. (1SS9), p.621; xix. (1891), p. 15. Guillier, cd. 3 
ix. p). 374. Bariois, op. cit. v. (1877), p. -66 ; Carte. Okd. F'caace, Redon Slieet : .1 . = . 
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isolated pre-Cambrian axis of Upper Languedoc, tlie inost satisfactory fossil evidence 
lias been obtained, showing the existence there of both the Paradoxidian {ParadoxideSy 
Conoeonjplie) and Olenidian divisions of the Cambrian systemP Among the French 
Pyrenees, narrow strips and patches of strata have been detected which, lying below 
fossiliferous Lower Silurian rocks, are believed to be Cambrian. - 

In various parts of Spain indications of the presence of Cambrian rocks are furnished 
by Primordial fossils. In the province of Seville the highest beds have yielded 
ArclimcnathiLS, and in the province of Ciudad-Eeale, Primordial tribolites {Ellipso- 
cepUcdus). But it is in the Asturias that the most abundantly fossiliferous rocks of this 
age occur. They are grouped by Barrois into {a) Slates of Rivadeo, blue phy Hades and 
green slates and quartzites, in all about 3000 metres, and (6) Pamdoxides beds of La 
Yega (50 to 100 metres) composed of limestones, slates, iron-ores, and thick beds of 
green quartzite. In the upper part of {h) a rich Primordial fauna occurs, comprising a ‘ 
cysfidean {Trochocystitcs hoheiidcus) and trilobites of the genera Paradoxides, 2 species, 
Conocoinjidie {Conocephalites), 3 species, and ArUmellus, 1 species.-' 

In the Portuguese part of the Iberian peninsula Cambrian strata have likewise been 
recognised by organic remains. In the Alto Alemtejo a dark grey shale in the line of 
contact between some limestones and quartzites, has yielded a number of fragmentary 
trilobites representing seven or eight different species belonging to the families of the 
Olenidie and Coiiocephalidai.'^ 

In the Thuringer Wald certain phyllites, fucoidal slates, quartzites, &;c., are 
referred to the Cambrian system. They have yielded some indistinct fossils (Phycodes, 
Archseocyathus?) and in their higher parts (Tremadoc) Olemis, Euloma, Likcloccphalus, 
Kiohe, Amplwm, CeraiopygeP The Centi'al European type of the Cambrian system is 
best developed in Bohemia, where the classic researches of Barrande have given to it 
an extraordinary interest. At the base of the Bohemian geological formations lie the 
slates which Barrande placed as his Etage A (Przibram schists), and which are no doubt 
pre-Cambrian (p. 901). They are overlain by vast masses of conglomerates, quartzites, 
slates, and igneous rocks (Etage B), which have been more or less metamorphosed, and 
are singularly barren of organic remains, though some of them have yielded traces of 
annelids {Arenicolites). They pass up into certain grey and green fissile shales, in 
which the earliest well-marked fossils occur. The organic contents of this Etage C or 
Primordial zone (300 to 400 metres thick) form what Barrande termed his Primordial 
fauna, which yielded him 40 or more species, of which 27 were trilobites, belonging to 
the characteristic Cambrian genera — Pdradoxidcs (12), Agnostus (5), Conocoryphe (4), 
EUipsoceplmliLS (2), Ilydrocephahis (2), Arionellus{l), Sao (1). Not one of these genera, 
save Agnostus (of which four species appear in the second fauna), were found by Barrande 
higher than his Primordial zone. Among other organisms in this Primordial fauna, the 

Soc. GM. Eovd. XV. p. 238 ; xxii. (1894) ; BxdL Carte. Gkd. France^ No. 7 (1890), p. 74. 
Oelilert, op. cit. Nos. 38 and 44, 

^ J. Bergeron, B. N. Q. F. xvi. (1888), p. 282 ; ‘ Etude geologique du Massif ancien au 
Slid du Plateau central,’ 1889. J. Miguel, ‘ Note sur la Geologie des Terrains Primaires du 
Department de I’Herault,’ 1894, calls attention to a mass of strata lying between the 
highest Paradoxidian beds and the base of the Arenig formation, into which it graduates. 
It attains a thickness of 1000 metres, and is compared by him with the Tremadoc group. 
See also J. F. Pompeckj, Neues Jahrh. 1902, i. p. 1. 

- J. Caralp, ‘ Etudes g^-ol. sur les liauts massifs des Pyrenees centrales,’ 1888, p. 452. 
E. Jacquot, B. S. G. F. 1890, p. 640. 

Barrande, Bull. Soc. Gkl. France (2) xvi, p. 543. Maepherson, Mues. Jahrh. 1879, 
p. 930. Barrois, Mem. Soc. GM. Ford. ii. (1882), p. 168. 

J. F. Nery Delgado, Com. JJirec. Trah. Geol. Portugal, hi. (1895), p. 97. 

® H. Loretz, Jahrh. Preuss. Geol. Landesanst, 1881, p. 175. Marr, Geol. Mag. 1889, 
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brachiopods are represented by species of Orthis and Urbicuia. the pteropods ly I! r 
and the ecliinoderms by cystideans. It is worthy of note that the fussil ni> i t...*, 
zone on the opposite sides of the little Bohemian basin were found bv the jrrat 

pnoneer to he not cpnite the same, only eight species of trilobites being coiuin. »h ; r th 
belts, while no fewer than 27 species were detected by him only on noo or j 
side. The Olenidiaii trilobites which characteiiae the upper Cambrian groups mt-re t 
observed by him in Bohemia.^ Later researches have modified some of the siriti 
graphical details of his work, the geological structure of the country haviiig Ix-e ii found 
to be much less simple than he supposed. But the fundameiitai gToiirdng whi b hr 
established remains iniieh as he left it. A prortiou of his Stage B, the whole of l.i- 
Primordial zone (Stage C), and a part of the base of his Stage I) i: Lower Silurian . 
grouped together by Dr. Katzer in four members as the Cambrian develoimirKt in 
Central Bohemia thus : («-) Basement conglomerates, {b) Paradoxides shales, 
grey wacke group, (d) Diabase and red iron-ore group- More recently Foai|s«n*l:i 
made in greater detail a study of these strata, in which he recognises two main groups : 
a lower, consisting of sandstones and greywaekes passing down into eoiiglonierates, 
lie unconforniably on the phyllites below ; the greywaekes, containing sj>eeieso! 
Stenothecci, Comcejahalites, Ttycliojparia [Conoceyhalltes}, Solcjicydenrii, Ell 
Solo; and an upper group of conglomerates and shales, with the Paradix^-u-l s Lan.i 
first shown by Barrande. The first of these two groups is x>aralleled with tht- # ' 
zone, though no spiecimens of Olemll'iis have yet been found in it ; the second gi un| » i'* i 
good development of the Faracloitidcs series of strata."' 

In Russian Poland the older Palaeozoic formations hav'e at their liasesomt «yiart. itt s, 
conglomerates, and shales, which around Sandomiroii the left bank of the Yisiulacoiitdiii 
abundant fragments of Paradoxides (probably P. Tessini or P. Bohemkui , 

{A. fallax ^\\<1 A. gihhus) with Ziostmeus Linnarssoni indicating a Middle Caial.riaii 
horizon.^ 

In Sardinia a characteristic asseriiblage of Cambrian fossils has been descrril»ed, com- 
prising three species of Paradoxides, six of Coaoce/Jialifes, five of J li\ r of 

Okiiiis, as well as other forms. 

ITorth America. — During the last tivo decades a large amount of attention has bet u 
paid by the' geologists of the United States and of Canada to the study of the stratigraphy 
and fossil contents of the Cambrian ra'ks of !North America, and the result of their 
labours has heen to show that, -whether as regards extent and tliickuess rt' >t!ata. o! 
variety and abundance of organic remains, these rocks surpass in in] j ’ortar.ee tl.t 
corresponding European series. The European types of sedimentation are tln-re ivvlaird 
by a varied assemblage of materials, among which li-mestone plays a large part ; an I 
this change, as might be expected, is accomj^anied by a remarkable contrast in the 
general facies of tbe fossils. Nevertheless, the leading type-genera of Euroie Inive 
been found in their usual sec[uence, so that it has been possible to subdiviile tli** 
American Cambrian system into three groups, -which can be broadly correlated with the 
threefold arrangement adopted in Europe.® 


^ See liis colossal work, ‘Systems Silurien de la Boheme,’ published in successive parts 
and volumes from 185*2 up till after his death in 18S3 ; also Mart, Ch »S. xxxvi. (ISSO). 

- F. Eatzer, ‘ Das alter© Palteozoic urn in Mittlebohmen,’ Prague, 1S8S ; ‘(reDlogie von 
Bbhnien,’ Prague, 1892, p. 804. 

® J. E. Poinpeckj, Jahrh. K. E. GeoL Reiclisansi, xlv. pp. 495-614. 

G. Gurich, Y^hctndl Riiss. K. Mirural, Gesell. St. Petersburg, xxxix. (ISM I, p. 16. 

® C. Meneghini, 3Iem, Cart. Geol, Hod. iii. Part 2 (ISSS). Bonieraaiiii, ‘Die 
Yersteinerungen des cambrischen Schichteu systems des Insel Sardinicnd Halle, 1SS6. 
J. F. Pompeckj, Z. D. G. G. liii. (1901) p. 1, 

® Among writers on the Cambrian palaeontology of North America a higb place ninst 
be assigned to James Hall, E. Billings, C. D. AValcott, and G. F. Matthew. Mr. Walcott lia> 
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From the straits of Belle Isle the Cambrian formations of North America run through 
Newfoundland and Nova Scotia into New Brunswick. From the eastern coast of Gaspe 
they stretch along the right bank of the St. Lawrence to Lake Ontario. In several 
approximately parallel bands they range through the north-eastern states of the Union, 
spreading out more widely in tlie north of New York State, and in Vermont and 
Eastern Massachusetts. They rise along the Appalachian ridge, striking through 
Pennsylvania, Maryland, Virginia, Tennessee, and Georgia, down into Alabama, to a 
distance in the eastern part of the continent of about 2000 miles. In the heart of the 
continent, again, they rise to the surface, and flanking the vast pre-Cambrian region of 
the north, extend over a wide area between Lake Superior and the valley of the 
Mississippi in the States of Michigan, Wisconsin, and Minnesota. An isolated tract of 
them is found in Missouri, and another in Texas. The great terrestrial movements 
which ridged up the Rocky Mountains and their offshoots have brought the Cambrian 
rocks once more to the surface from under the vast pile of younger formations beneath 
which, during a large part of geological time, they lay buried. Hence along the axes 
of these elevations of the terrestrial crust they can be traced in many lines of outcrop 
from Arizona northw’ards through Utah, Colorado, Nevada, Wyoming, Dakota, and 
Montana, whence they strike far northward into the Dominion of Canada. 

In thickness and lithological character the Cambrian rocks of North America exhibit 
considerable variation as they are traced across the continent, and these changes afford 
interesting evidence of the geographical conditions and geological revolutions of the 
region in the early ages of Paleeozoic time. In Newfoundland, where the three groups 
of the system have been recognised, the total depth of strata measured by A. Murray 
w^as about 6000 feet, of which the lower division forms only about 200 feet. In Western 
Vermont and Eastern New York the total depth of the system seems to be about 7000 
feet ; and of this great mass of sedimentary material the lower division may occupy 
perhaps as much as 5000 feet.^ Over the central parts of the continent west of the line 
of the Mississippi the thickness diminishes to 1000 feet or less ; but again to the west of 
the Rocky Mountains it increases to 7000 feet or more in Nevada, while in British 
Columbia it rises to 10,000 feet. 

In the north-eastern regions the sediments were chiefly muddy, and are now re- 
presented by thick masses of shale with a little sandstone and limestone. The lime- 
stones increase in number and thickness southwards in Vermont, where a considerable 

devoted himself to the subject with untiring enthusiasm and much skill. His most im- 
portant memoirs will he found in the Bulletins of the U.S. Geological Survey, Nos. 10 (1884), 
30 (1886), 81 (1891), 134 (1896), in the 10th, 12th, and 14th Annual Reports, in Monographs 
viii. XX. xxxii. Part ii. p. 440, and notices in Amer. Journ. Sci. July, December 1892, 
January, April 1894, February 1895 ; Proc, Washington Acad. Sci. i. (1900), p. 301 ; 
p7vc. U.S. Nat. Museum, xxi. (1898), p. 385. Of great importance also are the memoirs 
on the Cambrian Rocks and fossils of Canada, by Mr. Matthew, published in the Trans. Roy. 
Soc. Canada, from the first volume (1882) onwards, also in Bidl. Nat. Hist. Soc. Neio 
Brunswick, No. 10 (1892) ; Trans. Netv York Acad. Sci. xiv. (1895), pp. 101-153 ; 
XV. (1896). The stratigraphical relations of the Cambrian formations have been discussed 
by many writers, among whom are R. D. Irving, 7th Ann. Rejy. U.S. (J. S. (1888). N. S. 
Shaler, Bull. Mus. Comp. Zool. Hao'vard, xvi. No. 2 (1888). Emerson, B. U.S. Q. S. No. 
159 ; Monogr. U.S. G. S. No. xxLx. (1898). A. C. Peale, B. U.S. G. S. No. 110. N. H. 
Winchell, Arne/. Geol. xv. (1895), pp. 153, 229, 295 ; xvi. p. 269. C. R. Keyes, Journ. 
Geol. iii. p. 519. D. B. Dowling, op. cit. p. 988. J. B. Woodworth and A. E. Foerste, 
Monog. U.S. G. S. No. xxxiii. (1899). 

^ Walcott has found Olenellus about 2000 feet below the summit of the series, but he 
hesitates to assume that it can really range through such an enormous thickness of strata^ 
lOih Ann. Rep. U. S. G. S. p. 583. See his later section in 12th Ann. Rep. (1892), Plate 
xlii. 
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mass of calcareous material lies in the lower group l>elow scTeral tlions.i] 2 =i irrT , f 
sliale. Still further south the lower group consists largely of sandstones, wiuoh i,:-' 
followed by sandy, dolomitic, and purely calcareous limestones. In Nevasix wlu ri i 
thickness of //OO feet has been assigned to the Cambrian system, the 
4250 feet in aggregate thickness. ^ 

It will he seen, therefore, that the nearest Eiiroj>ean [mrallel to the coinldiiaiioii of 
thick arenaceous with thick calcareous aeciiniulations, which distinguishes the C’aiiibriin 
S 3 'steni of ITortli Ameiicaj is to he found in the north-w’est of Seotlaiid. In tLi> 
connection it is interesting to note that the general facies of the Scottish Cairibriaii 
fossils, so distinct from that of the rocks of Wales ami tiie rest of Euroiie, and so mncli 
moie akin to that of the United States and Canada, is accompanied bv a iiiarkedlv 
Uortli American type of sedimentary material. 

The following table gives the classification of the Cambrian system of ^orth 
America ; — 


ii 

s 

o'Sl 


03 

O a 


ns ^ 
rri ac 
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Sandstones of !N. and E. sides of Adirondack Moiiutains of Xew York an i 
adjacent parts of Canada. On the same horizon lie the liriiejrtoiies cf 
Adirondacks and Dutchess County, New York: and the shales of Tennessee, 
Georgia, and Alabama. lu the west come the sandstones of the I'pj^r 
Mississippi Talley, S. Dakota, Wyoming, Montana, and C-h ra.Io. the 
sandstones aud calcareous beds of N. Arizona, ami the limes: uiies anil 
shales of Nevada- In the far north-east are the black shahs at the toy 
of the Newr Brunswick aud Cape Breton Uland sections, and the >Lalr> 
and sandstones of Conception Bay, Newfouinllaiid (Belie Isle . 

'Shales and slates of Eastern Massachusetts Braintree , New Brunswick >t. 
John), and Eiistern Newfoundland (Avalon ). With these typical rfxks 
are correlated part of the limestones of Dutchess County," NTw York 
(Stissing) and the central parts of the Teuiiessa.* and Alabama sectiouN 
(Coosa), with limestones in Central Nevada and British Colomhin 
Stephen). In the Yellowstone Park the middle Cainbrian strata lia\e 
yielded an abundant fauna. 

''The typical locality is in IVestern Vermont, where shales and liniestoiies are 
developed. With these are paralleled the quartzite of \V. sloie of Grreii 
Mountains and Appalachian chain in Pennsylvania, Virgin i;i, 

Georgia, aud Alabama ; the shales and mteTl>edded liiutrstones and slates 
of S. Yermoiit and New York southward to Alabama ; the linirsioiie, 
sandstone, and shale of Straits of Belle Isle (Uibrador. N.W. coast r f 
Newfoundland and peninsula of Avalon. (Placentia) ; tliK* lacil snies r*: 
Hanford Brook Section, Caton’s Island, Ac., New Brunswiek ; the sliab' 
and limestones of E. and S. Massachusetts (Attleborough \ : the lower 
portion of the Eureka and Highland, range.s, Nevatla (ProspectI : a portion 
of the Wasatch Canibrian Section (Cottonwood) and the ba>e of the 

^ Castle Mountain, British Columbia. 


Keferenee has already been made to the views of Mr. W. G. Matthew in regard to 
the pre-Camhriaii age of a sedimentary series which underlies what he considers to be the 
oldest Cambrian strata of New Brunswick, and which he has group^ed as “• Eteliiniiiiiai],*' 
from the name of an old Indian tribe of the countiy. He has found in the upper half 
of this series numerous burrows and tracks of annelids, Hyolithid® being also 
particularly abundant and varied. Brilohites are rare and generally absent, the most 
fre({uent Crustacea being bivalve entomostraca and small phyllocarids. Braehiopods 
are abundant, including the genera Oba/us, LmguMla, and other homy forms, the 
calcareous Protremata being rare and of small size. Some small and rare gasteropoda 
have been, met with, but the patelloid forms are larger and more frequent. A few small 


^ A. Hague. Ann. Rep. IT.S. if. S. 1881-82. Walcott, Monogr. U.S if. vol. viii. 
(1884). 

‘•2 C. D. Walcott, Bull U.S. G. S, No. 81 (1891), p. 360. 
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lamellibranclis {Modiolopsis) complete the hiuna, which comprises about 20 genera.^ 
The claim of this group of strata to be considered pre-Cambrian is disputed by Mr. 
Walcott. According to his observations the Olpiellus fauna occurs in Newfoundland 
420 feet below the Paradoxides fauna in the heart of the Etchiminian ” group, and in 
New Brunswick fragments of it are found 460 to 480 feet down in that group, Mr. 
Matthew is disposed to think that Olenellus is rather a later than an earlier form than 
Paradoxides, but the general experience in both the Old World and the New is against 
this view.- 

Mr. Matthew has proposed a different classification and nomenclature of the 
Cambrian formations of New Brunswick from that given in the foregoing table. Above 
his “Etchiminian” series he makes three subdivisions of the Cambrian s.ystem. 1st, 
The lowest or Acadian stage (650 feet), with the zone of Elli;psocepludus (Agraulos) 
articephalm, followed successively by those of Paradoxides etcmenicits and P. alenams ; 
2nd, the middle or Johannian stage (1000 feet), with the zones of Lingulella Starri and 
L. radula ; and 3rd, the Bretonian stage (700 feet), with the zones of Parabolina spinulosa, 
Peliura scarabseoides, Lietyoneirui flahelliforme, and Tetragraptus qiiadribraehiatxis. 
From these strata a remarkably abundant and diversified fauna has been obtained, 
which, according to Mr. Matthew, exhibits a remarkably close resemblance to that of 
the Cambrian formations around the Baltic Sea, but has little in common with that of the 
same formations in the interior of America, though only a few hundred miles separate 
them- The St. John’s fauna includes fifty species of trilobites {Agnostus 12, Agraulos 
or ElUpsocepTialus 7, Oonoeoryphe 3, Paradoxides 8, and others), two genera of 
cephalopoda, three of gasteropods, four of pteropods [JffyoUthes, Diplotheca, Cyrtotheca, 
Btxjliola), nine of brachiopods {Oholas 3 species, Obolella, Lirumrssonia 3, Lingulella 9, 
Clitambonites 3, OrtJiis 6), besides a few ostracods, phyllopods, sponges, and sea-weeds. 
A number of graptolites appear in the upper division {Dictyonenia, Clonograptus, 
Loganograptics, Tetragraptus, Didym-ogr aphis), but nearly all in the highest strata, which 
really belong to the Lower Silurian series.’*^ 

South America. — In the northern part of the Argentine Republic a representative 
of the Upper Cambrian or Olenus group has been found by Lorentz and Hyeronimus. 
It includes species of the genera Lingula, Obolus, Orthis, EyoUthes, Arionellus, Agnostus, 
and Olenus A 

China. — Baron von Richthofen has brought to light a succession of undisturbed strata 
(his “Sinisian formation”), which in Leao-tong and Corea attain a thickness of many 
thousand feet. In the higher parts of this series he found a characteristic assemblage of 
Primordial trilobites : Oonoeoryphe {Conoceplialites) (4 sp.), Anomocare (6), Liostracus (3), 
JDorypyge {Olenoides ?), Agnostus (1), with the brachiopods Lingulella (2) and Orthis {1).^ 

^ W. G. Matthew, Axner. Geol. xxii. (1898), p. 252 ; Bidl.Nat Eist. Soc. Pew Brunswich, 
No. X. (1892), p. 34 ; iv. (1899), p. 198 ; GeoL Mag. 1899, p. 373 ; 1900, p. 87 ; Ann. Nexo 
York Acad. Sci, xii. No, 2, pp. 41, 56 ; xiv. (1895), p. 101 (where the “ Protolenus fauna” 
is described) ; Trans. Roy. Soc. Canada, 2nd ser. v. (1899), sect. 4, p. 39 ; vii. p. 138; 
Compt. rend. Qongrh. Geol. Internat. Paris, 1900, p. 313. A large series of effusive and 
dyke rocks ha.s been described as associated with the “ Etchiminian series ” of New 
Brunswick, W. D. Mattthew, Tratis. Pew York Acad. Sci. xiv. (1895), p. 187. 

2 Walcott, Bull. Geol. Soc. Axner. x. (1899), p. 199 : xi. (1899), p. 3. Proc. 

WasJmigton uicad. Sci. vol. L (1900), p. 301 ; Compt. rend. Oongres. Geol. Internat 
Paris, 1900, p. 299. Mr. Walcott’s account of the fauna of the Olenellus-zonQ is given in 
the 10^/& Ann. Rep. U.S. G. S. 1890. His description of the middle Cambrian fauna of 
the Yellowstone Park is included in Mon. xxxii. U.S. G. S. Part ii. p. 440. 

^ ^ BuU. Nat. Eist Soc. New Brumwick, No. 10 (1892), Appendix, p. xi. 

E. Kayser, ‘Beitragezur GeoLu. Palaeont. d. Argentinischer Republik,’ Part ii. (1876). 

® Richthofen, ‘China,’ vol. iii. (1882). W. Dames compares this Chinese Cambrian 
fauna with that of the Andrarumskalk of Scandinavia : op. cit. p. 32 [ante, p. 925). Mr. 


SECT, ii 


srirmAX system 


ii3:i 


India. In the Salt Range a series of stratified formations, about 30 * fee: ii. \ 
nesSj presents a peculiar development of the oldest Palaozoie strata, which t:..-:. 
sist of sandstones, marls, shales, beds and pseiidomorplis of roc'k-.salt ami lepv * f 
gypsum. About 2DOO feet above the base of this series lies a group hno'aii .i,-. 
^eoboliis or Khussak beds, about lOO feet thick, composed of the following 
in descending order : 

Lower magnesian sandstone, containing Tsemhthem ii ! 

passing up into hard clay with LingiileUa Fuchsi. 

Black -compact clay-slate; Mi^feria NoetlingU Ling Mia Wannleeku Ac. 

(zone of Hoeferia Xoetlingi). 

Bed sandy micaceous beds, full of Xeofmlm Warthi, with X. Wgnni, BucLhiepis i^runr- 
lately Schizopolis riigoM, Lakhmina HuguioiifeK^ L. si/uamdf Liugvh'i ki ‘<re>'uis, X« 
Warthi^ FeneMla, sp. ‘ 

Upper annelid sandstone ; glauconitic cream-eoloureil sandstone with thin altematioii s 
of soft beds : Orthis JVarthi^ Egciitiien ITgnni. 

Blackish-red sandstone with abundant Hyolithes Wi/mii, fragments of a trilobite and 
"tracks of annelids. 10 feet. 

Lower annelid sandstone : hard cream-coloured glauconitic sandstones altrmating u itli 
thin hands of soft black sandstone, remnants of (Rxdeila, fragments of ami 

annelid tracks. 50 feet. 

The lowest group of the series, known as the “ Salt Marl.'" which is some 15CU fr-t 
thick, has yielded no fossils. The trilobite here named Hc^^feria is a new'’ geiias. closely 
akin to Olmellus^ by which name it vras originally noticed by Waagen and XiX'tling. 
It is believed that the INeobolus beds cannot be later than the Paradosidian groii|>. ^ 

Australasia. — In South Australia the oldest known fauna of the coiitinent has Imni 
found at various place.v, and is recognisably . Lower Cambrian. It includes^ s| 5 ecies of 
Conacephalites, Olenellm, Jfierodiscii^, ClitamhonUes, Orthis, Amlicmychia, Stemthiea, 
Ophileta, Phityceras, Salterdla^ EyoHthe^, Protopharetra^ ffgahstelia, and iiirrmitihr 
In Tasmania a considerable thickness of strata is jdaced by Mr. R. M. Johnston in the 
Cambrian system. The lowest group consisting of fossiliferons quartzites, clay -slates, 
and breccias, has yielded species of ScoUthm, Coiiocepkalites {cn Loganrllu^)^ Bat-kyiL m\ 
Asaplms, Dikelocephahis, Leptaiia, Orfhis, OpkiletaB.nd TentMa!/ iUsJ’ 


Section ii. Silurian. 

Murcliison was the first to discover that the so-called Tnifisitiori 
rocks/’ or Graiiwacke ” of early geological literature, were eapiihle id 
subdivision into distinct formatioris characterised by a jieeiiliar tissenildagt^ 
of organic remains. As he found them to be tvell developed in the region 
once inhabited by the British tribe of Sihires, he gave them the mme of 
Silurian.^ From the base of the Old Red Sandstone, he was able to trace 
his Silurian types of fossils into successively lower zones of the old 
Gran-waehe.” It was eventnally found that similar fossils characterised 
the older sedimentary rocks all over the w'orld, and that the general order 

"Walcott inclines to believe that the fossils rather point to a Middle Cambrian fauna {BulL 
ILS. a. S. No. 81, 1891, p. 379), 

^ K. A. Redlicb, “The Cambrian Fauna of the Elastem Salt Range,”' PaIm>ntt.Jt>gia 
Induct., new ser. val. i. (1899), p. 1, where full references to previous authorities are given. 

R Tate, Tmns, Eoy. Sac. South Austr. ii. (1879), pp. xlviii. and 77 ; xv. ilS92). 
p. 183. 

‘Grcology of Tasmania,’ 1888, pp. 16-38. 

Phil. Mag. (3), vii. (1835), p. 47. 
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of succession worked out by Murchison could everywhere be recognised. 
Hence the term Silurian came to be generally employed to designate the 
rocks containing the first great fauna of the Geological Record. 

This fauna, first worked out in its stratigraphical relations by Murchison, 
was shown bv him to have such a marked uniformity of general character 
as to justify him in regarding it as distinctive of a single great geological 
system. Applying the principle so successfully adopted by William 
Smith for the Secondary formations of England — “ strata identified by their 
organic remains,’^ — he from the first began to discriminate the groups 
of sedimentary deposits by the fossils contained in them, and eventually 
classified them in a series of successive formations ranging from the 
base of the Old Red Sandstone down to the oldest stratified rocks then 
known along the Welsh borders. These formations he was led to group 
into two great divisions, each marked by certain biological peculiarities. 
The older half of his system he termed Lower Silurian, and the later half 
Upper Silurian. It was found that the stratigraphical sequence of organic 
types first established by him in England and Wales holds good all over 
the world. Barrande demonstrated how completely the original Silurian 
classification was borne out by the abundantly fossiliferous formations of 
Bohemia. He was fortunate, however, in finding in that country a much 
fuller record of the earliest organic types than had been met with in Britain, 
and he was led to recognise the existence of three successive phases in the 
progress of animal life during the protracted Silurian period. To the 
oldest of these phases he gave, as we have seen, the name of the first fauna 
or Primordial zone, the second fauna was contained in Murchison’s Lower 
Silurian, and the third fauna in his Upper Silurian formations. While the 
broad land-marks remain as they were first set up by Murchison and 
Barrande, various modifications of nomenclature have since been proposed, to 
which allusion has already been made (p. 9 1 7). By general consent the strata 
containing the fossils of the first fauna or Primordial zone are embraced 
under Sedgwick’s term Cambrian. As above remarked, Murchison’s 
“ Lower Silurian ” has by many writers been replaced by “ Ordovician,” 
and his “ Upper Silurian ” is in a similar manner being ousted by some 
other term, so that if this process of substitution is perpetuated, the names 
^ven by the illustrious author of the “Silurian system” will disappear 
from current geological literature. I shall continue to employ Murchison’s 
terminology, which has the claim of priority, and in my opinion is per- 
fectly sufficient for the requirements of science. 

§ 1. General Characters. 

Rocks. — The Silurian system consists usually of a massive series of 
greywackes, sandstones, grits, shales, or slates, with occasional bands of 
limestone. The arenaceous strata include pebbly grits and conglomer- 
ates, which are specially apt to occur at or near any local base of the 
formation, where they rest unconformably on older rocks. Occasional 
zones of massive conglomerate occur, as among the Llandovery rocks of 
Britain. The argillaceous strata are in some regions (Livonia, &c.) mere 
soft clays : most commonly they are hard fissile shales, but in those areas 
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(Wales, (fee.), where thej have been subjected to the in tensest 
they appear as hard cleaved slates, or even as crystalline schists i Nor war?. 
In Europe, the limestones are, as a rule, lenticular, as in the examples « *f 
the Bala, Aymestry, and Dudley hands, though in the Uimi oi the Eiliic 
some of the limestones have a gi^eater continuity. In Xorth Aiiieritau un 
the other hand, the Trenton limestone in the Lower, and the Niagara 
limestone in the Upper Silurian dinsioii are among the most |Mrsisteiit 
formations of the eastern United States and Canada, while in the 
Western Territories vast masses of Siluinan limestone constitute iieMily 
the whole of the system. Easily recognisable l>iinds in many Silurian 
tracts, especially in the north-west of Europe, are certain dark antlinicitie 
shales or schists, which, though sometimes only a few feet thick, can Ijc 
followed for many leagues. As they usually conniin much decom|;M>sing 
iron-disulphide, which produces an efflorescence of alum, they are known 



Fig. 3Ti*. — Group of Silurian Orapttjlifts. 

ff, Monograptus priodou, Broun (Weulock) : ?>, Phyllograptus typus. Hall (Loiter ; e. I ^pl - 

graptus folium, His. (Llandovery) ; <7, Rastrites peregrinns. BarT(LIaud>nvry ); % I> ■ !> ?. crai t 
Murehisoni, Beck. (Llamleilo) ; /, Monograptu.s Se«lg\viokii. (Lliniloveiyi : ; , Dicrar:.:- 

graptus ramosus, Hall (Llandeilo) ; Te, Tetnigraptu.s Hicksii. H'«pk, An nig’^. 


in Scandinavia as the alum-slates. In Scotland, they are the chief re]>o?i 
tories of the Silurian graptolites. Their black, coal-like aspect has led 
to much fruitless mining in them for coal. In the northern part of the 
State of NTew York, a series of beds of red marl wnth salt and gypsum 
occurs in the Upper Silurian series. Still more ancient is the group of 
saliferous and gypseous strata in the Salt Range of the Punjab, which has 
been above (p. 933) referred to as enclosing relics of the Primordial zone in 
the Cambrian system. In Styria and Bohemia, important beds of oolitic 
hematite and sidexite are interstratified with the ordinary gtejwackm 
and shales. Occasionally sheets of varihus eruptive rocks (rhyolite^ 
andesites, diabases, diorites, tfec.) occur contemporaneously imb^drf 
subsequently intruded in the Silurian rocks (Wales, Lake Distfiot, h. 
Scotland, S.E. Ireland, &c.), and, with their associated tuffs, i^mmi the 
volcanic ej actions of the time. 
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Inasmuch as Silurian rocks have suffered frona all the subsequent 
geological revolutions which have affected the regions where they were 
deposited, they now appear inclined, folded, contorted, broken, and 
cleaved, sometimes even metamorphosed into crystalline schists. Only 
rarely, as in the basin of the Baltic and in ]^ew York, do they still lemain 
"nearly in their original undisturbed positions. 

Life. — The general aspect of the life of the Silurian period, so far as 
it has been preserved to us, may be gathered from the following summary 
published by Bigsby in 1868 — plants 82 species; amorphozoa 136; 
foraminifera 25: coelenterata 507 ; echinodermata 500; annelida 154 ; 
cirripedes 8; trilobita 1611 ; entomostraca 318; polyzoa 441 ; 
brachiopoda 1650 ; monomyaria 168 ; dimyaria 541 ; gasteropoda 12e53 ; 
cephalopoda 1454; pisces 37 ; class uncertain 12; total 8897 species. 
Barrande in 1872 published another census in which some variations are 
made in the proportions of this table, the total number of species being 
raised to 10,074. No recent conspectus of the Silurian fossils seems to 
have been published, but their number during the last thirty years has 
been considerably increased. 

The plants as yet recovered are chiefly algse. In many cases 
they occur as mere impressions, which, like those of the Cambrian 
system, are often probably not of vegetable origin at all, l^ut casts 
of the trails or burrows of worms, Crustacea, Among the most 

abundant genera are Bythotre^hiSj Arthroi)hycvjS^ Falceophyciis, and Nemato- 
phycus (Carruth.). Kemains of calcareous algae, however, have been 
detected (Lower Silurian Solenopora, Bhahdoporellcc). The Upper Silurian 
rocks of Edinburghshire have yielded beautifully preserved specimens of an 
organism believed by Salter to be a sea-weed like the living Gelidium or 
Plocamiwn, which he named Chondrites misimilis} Traces, however, of 
what may have been a higher vegetation have been discovered, which 
are of special interest as being possibly the earliest known remains of 
a land -flora. Many years ago certain minute bodies (Pachytheca) in tho 
Ludlow bone-bed were regarded as lycopodiaceous spore-cases, but doubt 
has been cast on their organic grade, and it has been suggested that 
they may even prove to belong to an alga. .Hicks obtained from tho 
Denbighshire grits of N. Wales what he considered to be spores and 
dichotomous stems, that were probably lycopodiaceous (Berwynici)A True 
lycopods {Lepidodendron or Sagenaria) have been met with in what fire 

^ Ante, p. 911. Nathorst {Kongl. Scensk. Vet. Akad. llandl. xviii. (1881) lias imitated 
some of these markings by causing Crustacea, amielidvS, and molliisks to move over wet nind 
and gypsum, and has thus shown the high probability that they are not plants. (See Oeol, 
Mag. 1882, pp. 22, 485 ; 1883, pp. 33, 192, 286.). Nathorst’s opinion, adverse to the plant 
nature of the markings, is strongly opposed by Saporta in his ‘A propos des Algiies Fossiles,’ 
1882. 

^ The reference of this genus to sea-weeds has been questioned. A soniewliat similar 
fossil {Odontocaulis) from Central Wales has been described as a dendroid graptolite, A. C. 
Seward, ‘ Fossil Plants,’ 1898, p. 147. E. Stolley has described a number of siphoiieoiis algie 
obtained from Silurian boulders in the North German Drift, Efeiies Jahrb. 1893, ii. p. 135. 

^ Q. J. Q.,S. 1881, p. 482; 1882, pp. 97, 103. The vegetable nature of these remains 
is perhaps doubtful. 
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1 1 ^ ^ XT pper Silurian rocks in Bokemia. The Tanne Greywacke of 

adjacent districts has yielded a number of land-plants, 
Teirns {Sj)henoptendmm, two or more species), and others 
, * to Cyclostigma {C. hercymum)^ Stigmaria, Asterocalcmiites 

V From the Clinton limestone of Ohio a portion of what 

lopidodendroid tree (Glyptodendron eatonense) has been obtained. 

, ^ and Lower Helderberg groups of eastern ISTorth America 

If I li.€twe yielded a microcosmical representation of the Carhoni- 

The land of the Silurian period probably had a cryptogamic 
I ^ori irx which ly copods and ferns played the chief part.^ 
j f irXttiria of the Silurian rocks, the most lowly organisms known 

^^ * ^**» tric^iiiifera, of which several genera, including the still living genera 
^ 5 a.iicX jSaccamminci, have been detected. Certain layers of chert, 
Hp>i-ea,dL over the south of Scotland, have yielded upwards of a 
l-C<5iriorst. with more than twenty species of Radiolaria.^ The Silurian 
h* representatives of the siliceous sponges of modern times. 

forms are exemplified in the A'alocopium, Asiylospongict and 
> of the Lower, and in the Caryoonanon and Eindia of the 

<l *wt*r ^^iiixrxa.n series. The hexactinellid types appear in genera belong- 
*tlio Dictyospongidse, the Plectospongidse, and the genera Amphi- 
^AsAracoma-, Eijalostelia, and Astrmspoiigia. Of the puzzling genera 
and Ischadites, the true relationships have not yet been d6- 
They have been considered by some as alg^, by others as 
^*#11111 if<3r*s, and by Dr. Hinde as sponges. JYidulites, too, though a com- 
ii is still a subject of uncertainty as to its organic grade, the 

I vio'v^ Ibeing that it may be related to the polyzoa. 

• xxLXxst have swarmed on those parts of the Silurian sea-floor on 

S'* 'll c*5ilcrXi'ooiis accumulations gathered, for their remains are abundant 
tlio limestones, particularly in the upper division of the system. 

' 5 o orals make their appearance in the Lower and reach their 

tiiii iiii development in the Upper Silurian rocks. They are repre- 
- ‘'4 ^>y xnamerous genera and species (Streptelasrna^ Cyathophyllwn, 

if il Petraia^ Omphyma, Cystiphijlhmi, Stromhodes (^AraAmophyllimi\ 

f (Eig. 381). Perforate corals were represented by Calodylis 

% !* Numerous tabulate types occur (Favosites, Calapoecia = 

’.i u. Fachypora, Byrmyolites, Alveolites^ Clccdopora, Syringopora, 

; ~ or chain-coral), and are regarded hy recent writers as Alcyo- 

r., Jlfo^iticulipoi'a may also be an Alcyonarian, but is referred hy 

. * . V ^xiitliors to the Polypora. Heliolites is a conspicuous form, and 
^ thLe living M.Q>yoTi 2 x\?in Eelioporii. So abundant were some of 

If , J»€itoni<-S Ahhmid. K. Preuss. Geid. Lmidesmst, Neue Polge, Heft 36 (1901). 

1 f Amer. Joicm. /Set. (3), Tii. p. 31 ; Proc. Amer. Phil. *%c. xvii. p. 163. 

^ / r 3 1 lio wever, in liis recent Text-book remarks tliat tlie evidence for the existence of 

■' ■.•oitH ill tlie Silnriaii period of higher grade than algEC is exceedingly meagre. Tlie 
irwill tincl a valuable conipendinm of information by L. F. Ward regarding the fo.ssil 
f a #af 4 t time all over the world in the St7i A nn. U.S. U. K Part ii. 1889. 
a. K inae, Ann,. Mag. Fat. Hist. 1890, p. 40 ; Q. J. O. S. Iv. (1899), p. 214, and 
I Pittman in same volume, p. 16. 
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tlie corals on the floor of the Silurian sea as to form reefs there, composed 
almost wholly of their calcareous skeletons, mingled with remains of 
crinoids, hryozoa, and mollusks. 

The Hydrozoa were abundant in the waters of Silurian time. The 
Stromatoporoids helped by their aggregates to form sheets of limestone. 
The plant-like branching DicPi/on&jna (Dictyograptus) we have found to be 
characteristic of the strata at the top of the Cambrian or base of the 
Silurian system. Eut it was by the great extinct tribe of the Graptolites 
that the Hydrozoa were most fully represented. As already stated, these 
organisms are so characteristically Silurian that they serve to distinguish 
the Silurian from other formations. Some of them are monoprionidian 
forms, that is, are furnished with a single row of cells; others are 
diprionidian, or possess two rows of cells, while in some genera both these 
features are united, as in Dicmnograptus, where two single-celled branches 
are given off from a double-celled stem. The genera Monograptus (of 
which upwards of forty species have been found in Britain), Eastrites and 
Cyrtogmptus are characteristic of Upper Silurian, Leptograptus, St'ephano- 
graptus ( - Coenogmptiis\ Didymograptus, Ehyllograptus, LaBiograptus^ Tetra- 
graptus, Eichograptus, Dicellogmpkis and Dicrcmogmptus of Imwer Silurian 
rocks. Eiplograptus, Climacogmptus, and Retiolites are found both in Lower 
and Upper Silurian strata. Through the researches chiefly of Professor 
Lapworth it has been ascertained that the species arc confined within 
comparatively narrow limits, although some of the genera have a con- 
siderable vertical range, and hence that graptolites may be used to 
mark definite palaeontological horizons.^ He has enumerated twenty 
recognisable graptolite zones, one in the Upper Cambrian, eight in the 
Lower Silurian, and eleven in the Upper Silurian formations.^ 

The Echinoderms of the Silurian seas were extremely abundant in 
individuals as well as varied in genera and species. They comprised 
representatives of the great divisions of this sub-kingdom. The Crinoids 
or sea-lilies appear among the Lower Silurian formations in the genera Eeteo- 
crinus, Arohmocrinus, Glyptoc7inus, Hrjhocrinus, Anomaloorinus, Heterocrinus, 
Castocrinus, Dendrocrinus, and the Upper Silurian forms include Dimero- 
crinus (Thysanocrinus), Cyphocrinus (llyptiocrims), Lyriocrinus, Melocrinus, 
Calceocrinus, GHssocrims, and many more. The Cystideans, as already 
stated, attained their maximum development during Silurian time, 
scarcely a dozen of the 250 described species being found above the 
Silurian system, ’ Among the genera may be mentioned Arisfocystites^^ 
Sphmronites, EcUnosphmites, Cnyptocrinus, Glyptocystites, Fleurocystifes, which 
occur in Lower Silurian strata, and Megacystites (Eolocysfites), Caryocrmus, 
Eseudocrinus, Lepadocrimis (Apiocystites) in the Upper division. The 
Elastoids are represented by the primitive forms Asteroblastus and 

The student should consult Professor Lapworth’s monograph, “On the Geological 
Distribution of the Rhabdophora’’ {Ann, Mcucj. Nat, His. ser. 5, vols. hi. iv. v. and vi. 1879, 
1880), in which the geological significance of the graptolites is fully discussed. 

Op. cit. vol. V. (1880), p 197. 

^ It should he mentioned that some palajontologists woidd shorten these generic names 
thus : Aristocystis, Sphseronis^ JScIiinosphmra, &c. 
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Troostoorinus in the Upper Silurian series of North. America. There 
were likewise early forms of opMuroid or brittle-star (Eiiclaclia, lapworth%ra, 
Pi'ofaster, Upper Silurian) and of asteroidea or star-fishes {Fcclmaster, 
Pal^ocoma, lepidaster). The earliest known sea- urchins are met with in 
Lower Silurian strata {JBothriocidaris), and others belonging to the genera 
Palmechirms and Echinocysiis are found in the upper division of the 
system. The Annelids of the Silurian sea-bottom comprised representa- 
tives of both the tubicolar and errant orders. To the former belong 
some species of the still living genera Spirorhis and Serjpula^ together with 
some forms doubtfully referred to this division of the animal kingdom 
(Oornnlifesj Ovtonia^ ConcMcoliteSj Berpulites). The errant forms are known 
chiefly hy their burrows or trails, which appear in immense profusion on 
the surfaces of shales and sandstones (Aremcolifes, Nereites, Scolithus, 
Crossojpodm, &c.), but also by their jaws, which occur in great numbers 
in the Wenlock and Ludlow rocks. ^ 



Fig. 377. — Group of Areiiig Fossils. 

1, Ovtliocoras cajreesiense, Hicts ; 2, Bellerophon llanvirnensis, Hiclc.s ; 3, Orthis calligrainma, 
Diilm. (enlarged); 4, Redoiiia aiiglica, Salt. ; 5, Palsearca araygclalus, Salt. 


The Bryozoa or Polyzoa appear in considerable number and variety 
in the Lower Silurian formations, where they occur in cyclostoma tons 
(Strcmitqpora, I)iastoporm(Z,Protocnsimj Mitrodema, O&t'dmoporella^Fistulipai'a)^ 
trepostomatous (Monticulipora, Eeieroirxjpd^ Callopom^ Trexnatopom, Gonstel- 
laria, Bythopora, Ampleocopma, (fee.) and cryptostomatous forms (Ptilodictya, 
Bhinidictyci^ Arthrostylus, Fenestellaj Phylloporina). 

The Brachiopods attained their maximum diversity and importance 
during the Silurian period. From the deposits of that time upwards of 
2600 species have been named. They include representatives of all the 
orders. The atrematous forms are shown by species of Pinobohs, Linguh^ 
&c. ; the neotremata by Acrotretd, Siphowtreta, Trematis, OrUculoided, 
Schizoireta, Omnict, &:c. ; the protremata hy many genera, including 
Eichwaldid, Lepf^nd, StrophoiThem^ ChoneteSj OrtJm (Fig. 377, of which 
about 400 Silurian species are known), especially ahuiidant in the Lower 

1 G. J. Hinde, Q J. G^. S, 1880, p. 368; BiJmng. Svemk.Vet. ATaid. JEandl.vi. (1882). 
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division ; Glitanihonites, Forambo7iites (Lower Silurian), Stricldcmdinia, 
Pentamems (Upper Silurian), and the telotremata hy some primitiye 
forms of the Ehynchonellids (Protorhijncha), hy more typical genera of 
that family {Orthorhynchukc, Ehyiichoireta, without any species of the 
actual genus Ehynchoiiella, which probably did not make its appearance 
until after Palaeozoic time) and by a number of Spiriferid genera 
[Atrypa^ Zygospira^ SpinfeTy Oyrtiay Homceospim, Meristina). 

Every one of the five classes of the sub-kingdom Mollusca had its re- 
presentatives in the Silurian seas.^ Among the Lamellibranchs may be 
enumerated Orthonotay Vlasta, Grammysia, Antiphura, Pr^cardiumy Cteno- 
icnUy^ Nnculii, Numhna (^Ledct), Cyrtodonta, Pterineay Lyrodesma, 
ModiolopsiSy^^ AllodesmaA The Scaphopods appear in species which closely 
resemble the living Deiitaliuni, the Amphineura in one or two genera of 
Chitons (Helmmihochitony Priscochitm^). The Gasteropods show a marked 
increase in variety and number of species over their Cambrian pre- 
decessors. They are still comparatively simple in structure, and include 
some primeval limpets. Characteristic genera are Metoptoma, LepetopsiSy 
Palseacm^^a, TryUidiwiiy Pleicrotomarmy^ Paphistoma,'^ CyrtoliteSy^ Belhroplion, 
Platyschismay Euomphalm, Maclurea,^ OmphalotrocJmSy^ Cyclonemay^^ Macro- 
cheihSy ScaliteSy^ Holopeay'^ Plaiyostomcoy TeTiiaculiteSy'^ Pterothecay ComdariciA 

That the salt waters of the Silurian era swarmed with Cephalopods 
may be inferred from the fact that, according to Earrande’s census, no 
fewer than 1622 species had then been described. They are all tetra- 
hranchiate, and include all the suborders of the Nautiloidea. Those of 
the holochoanite {PiphragmoceraSy^ Vagimamsd^ Endoceras,'^^ Pilocems,^'^ 
Cyrlendoceras^^) and of the mixochoanite divisions {ChoanoceraSy'^^ Aphrag- 
mites, Ascoceras, Glossocems) are distinctively Silurian, and die out in this 
system. The orthochoanite forms, of which the living nautilus is an 
example, abounded in numbers and variety of types. The genus Orthoceras 
was especially conspicuous ; Barrande described upwards of 550 species, 
from the basin of Bohemia alone. Among the other types mention may 
here be made of OycloceraSy'^ Ctenocei'aSy^ Kionoceras, BdtocemSy^' Litocems,'^" 
BiscoceraSy^ PlectocmiSy'^^ OphidioceraSy Liiwites,^ EenoceraSy Loxoceni.%'^^ 
AtiimcemiSy^' Jowllmia, BizocerdSy OoceraSy OncoceraSy'^ PoteriocemSy'^ 
Trimei'oceras, PhragmoceraSy to wEich many other genera might he added. 

Crustacea are abundantly represented among the Silurian formations,, 
more especially by the extinct tribe of the Trilohites. These organisms 
had already attained a considerable development in Cambrian time, but it 
was in the early part of the Silurian period that they reached their 
maximum in numbers and variety. Thereafter they appear to have 
rapidly declined during the Upper Silurian and Devonian ages, dying out 
finally in Permian time. A few of the Cambrian genera survived in the 
Silurian waters {Agmstus, AsaphuSy Cheirnrus). But a host of new forms 
made their appearance. Among these the following genera are character- 

^ The genera, marked with an asterisk are found in tlie Lower Silurian formations, hut 
some of them are certainly or pxohahly also Cambrian, such as Qtenodo7ita, Plmrotomaria, 
Raphistomaj QyrtoliteSy Belleropho^i, Ogygia, CheinmUj Leperditia, JBepricMa, Primitia, and 
Ceratiocaris ; those with no sign have been met with in the Upper only. 
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istic: Hctrpes,''^ Trinudemp^ Triarthms/"' Ogygia,^ Illmus,^^ Lidias,'^ 
Acidaspis,'^ Encrinm'us,^ Flacopctria^^ Calyrmne^’^’^' Cheirurus,^ SpJmrexochusA 
Fhctcops, Trimerocephdus. Some of the genera of trilobites are world- 
wide in their range, such as Agnostus, Gomcorypliey Faradoxides^ Trinudeus, 
Ascvphcs, nimiius, Acidaspis^ licJuts, Oahjmeive, Cheirurus, Phacops and some 
others. ‘‘The majority of forms, however, are extremely limited in dis- 
tribution, so that a large number of genera found in Sweden, Eohemia, 
England and North America, are unknown outside very restricted areas ; 
and the total number of species common to both sides of the Atlantic 
is very small.^^^ The bearings of this subject on the discussion of 
Silurian geography will be referred to a little farther on. 



Pig. 378. — Group of Lower Silurian Triloljites. 

1, lllfemi.s Davisii, Salt, {h); 2, Calymene brevioapitata, Portl. ; 3, Ogygia Bacliii, Brongai. (\); 4, 
Asaplias- tymnauiB;, Murcli. 5, Ainpyx uiidus, Murcli. (J); 6, .Eglina biiiodoHfi, Salt. ; 7, 

Acidaspis .Tainesii, Salt. ; 8, Triiiucleus Lloydii, March. ^ 

The Ostracod Crustacea, which are first found in the upper part of the 
Cambrian system, reach a mucb greater abundance and variety among the 
Silurian formations, where they include the genera Leperditia^^ leperditellaA 
Beyricliict,'^^ Primitm, Kloedinm^^ and likewise some early 
cyprids (Bairdia,^^ Macmppris,’^ Pontocypris) and Cytherella, E^itcmis,^^ 
CypridmaA Early forms of barnacles are found in Lepidocolem^ and 
TurrilepasA The Phyllocarid Crustacea made a marked advancement in 
Silurian time, where they were represented by species of Ceratiocaris^^^ 
Physocaris, Discinocaris, PeltocariSy^ and others. That the Amphipods had 
already come into existence in Silurian time has been supposed to be 
indicated by the Necrogammams of the Ludlow group of strata, hut this 
form may prove to be a myriapod.- The Merostomata, of which at least 

^ Vittel’s ‘ Text-book of Palaeontology, ’ i. (1900), p. 637. 

^ B. Peach, Proc. -Roy. Phys, Soc. JSdin, xiv (1899), |). 113. 
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one form had already appeared in the Cambrian system, come into gieat 
prominence among the Upper Silurian formations. Besides a few Hemi- 
aspidse the important order of Eurypterids attains a striking development. 
Among its Silurian forms are species of EuryiAerus, DolicliopteniSy Eusarcusy 
SliTnonia, Stylonums, Fterygotus. Some of these organisms attained a 
gigantic size, specimens of Euryptems measuring fifteen inches in length, 
StyMurus sometimes nearly five feet,^ while Fterygotus occasionally 
exceeds six feet. 

The first traces of vertebrate life make their appearance in the 
Silurian system. They consist partly of the plates of a curious group of 
fish -like animals designated ostracoderms, the true organic grade of 
which is still matter of dispute, though they were formerly classed as 
fishes (Fterasjns, Cyathaspis, Cephalaspis, Tliyestis = Auchenaspis), but since 
they seem to have been without a lower jaw, they are regarded by some 
writers as below the rank of true fishes. They are distinguished by the 
great strength of their bony covering. The bone-bed of the Ludlow 
rocks long ago yielded certain curved fin -spines (Onchus) of an 
elasmobranch, which resemble the dorsal spines of the living Cestmcmi, 
and some shagreen-like plates which have been supposed to be scales of 
ostracoderm fishes {SphagoduSy Thelodus), and bodies like jaws with teeth 
which were called Fledrodus, but which are now known to 1)6 lateral 
shield-spines of a cephalaspidean form (Eiikemspis), It is probable that 
some of these remains have been incorrectly determined, and may l)elong 
to crustaceans or annelides. The so-called Conodonts (anfey p. 913) of 
the older Palaeozoic rocks of Europe and North America, originally 
supposed to be the teeth of such fishes as the lamprey, which possessed 
no other hard parts for preservation, have been also referred to different 
divisions of the invertebrata, but palaeontologists now regard them as 
probably in most cases the jaws of annelids.^ Recently some remarkable 
discoveries of true fishes have been made by the Geological Survey iu 
the uppermost group of the Upper Silurian formations of Central 
Scotland. A number of small shark-like fishes have there been found 
belonging in some cases to new genera {Lanarkia, Birkeniay Lasmius), 
together with new species of the old genus Thelodus. Some of these 
forms {Lanarkia) were diminutive, from two to five inches long, covered 
with a shagreen of small pointed and striated spines. The Birhmea is 
a new type which, though its head is covered with narrow scutes instead 
of a large shield, resembles CepJialaspiSy and like it may belong to the 
Ostracoderms.^ 

Up to the present time no trace has been detected of any vertebrate 
land-animals of Silurian age. In Sweden, France, Scotland, and the 

^ For a restoration of this form, see Geol. Mag, 1900, p. 481. 

Zittel and Rohon, Sitd), Bayr. Akad.. Munich, 1886, p. 108. According to Dr. Rolion, 
however, all “Conodonts” are not annelidian, but include undoubted teeth of fishes with 
recognisable dentine, enamel, and pulp-cavity {Bull, Acad, St. Petersh. xxxiii. (1890), p. 
269). A valuable work of reference is the British Museum ‘ Catalogue of Fossil Fishes.’ 

R H. Traquair ia Summary of Progress of Geological Sui'rcy for 1897, p. 72; and 
Traris, Roy. Soc. JEdin, xxxix. (1899), pp. 827-864. 
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United States, however, the discovery of remains of arachnid and insect 
life in Silurian rocks may herald the ultimate detection of higher 
forms of life. In the Upper Silurian strata of the island of Gothland 
a true scorpion has been discovered, which appears to differ but little 
from recent forms, though in its walking legs it was of a more primitive 
type. It was believed by its original describer to possess breathing 
stigmata, and thus to have been an air-breather.^ Later research, however, 
appears rather to indicate that the creature possessed no stigmata, but 
probably breathed by gills and was aquatic.- Subsequently more perfect 
examples of the same genus (JPal^opIionus) were described by Mr. Peach 
from the Upper Silurian rocks of Lesmahagow, Lanarkshire (Fig. 383). The 
presence of a poison-gland and sting at the extremity of the tail indicates 
that, like their modern representatives, these animals preyed on other 
denizens of land or water. Soon after the European discoveries, the 
finding of a scorpion (Froscorpius) in the Waterlime’’ (Upper Silurian) 
of New York was announced.^ These specimens seemed to lift the veil that 
had concealed from us all evidence of the terrestrial fauna of this ancient 
period of geological history. If there were true scorpions on the land, there 
wei’e almost certainly other land-animals on which they lived. Mr. Peach 
has suggested that they may have fed partly on marine crustacean eggs 
left bare by the tides.'* A myriapod (ArcMdes^ms) has been found in the 
Upper Silurian rocks of Lanarkshire. That true insects also existed has 
been made known by the discovery of an orthopterous wing {Falmhlattina) 
in the Lower Silurian (probably Caradoc) sandstone of Jurques, Calvados.^ 
It measures about inch long, and is distinguished by the length of the 
anal nervure and the small breadth of the axillary area. A hemipterous 
wing (Protocimex) has since been obtained from the lower graptolite shales 
of Sweden.® We may be confident that these are not the only relics of 
the Silurian terrestrial fauna that have been preserved, and we may hope 
that still more remarkable treasures are yet to be unearthed from their 
primeval resting-places. 

A survey of the general character and geographical distril)ution of 
the earliest known fauna suggests some interesting reflections regarding 
the climate and physical geography of the earth during the long lapse of 
time denoted by the Cambrian and Silurian formations. The profusion 
of corals in some of the limestones, which may ].)e regarded as equivalents 
of modern reefs, suggests that the temperature of the ocean was generally 
warmer in extra-tropical regions than it is now. We cannot, indeed, 
affirm with certainty that the Palseozoic reef-l)uilders, like their living 
representatives, required a temperature of not less than 68*^ Fahr. But 
in the absence of any indication to the contrary it may be assumed that 

1 G. Llndstroin, Comptcn rend. xcix. (1884) ; T. Tliorell and G. Liiidstrcim, K. Bvensk. 
Vet. Alm,d. Mandl. xxi. No. 9 (1885). 

Pocock, Quart. Jour. Micro. Science^ xliv. (1901), p. 291. ^ 

3 B. P. Whitfield, Science, vi. (1885), p. 87. 

B. N. Peach, Nature, xxxv. (1885), p. 295 ; Tram. Roy. Sac. Edin. xxx. (1882). 

® Ch. Brongniart, Coiiiptes rend. xcix. (1884), i). 1164 ; Oeol. Mag. 1885, p. 481. 

^ J. C. Moberg, GeuL EOren. Stockholm, xiv. (1892), p. 122. 
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they did. In that case we see that even up to as high a latitude as orth 
Devon (75'’ where Silurian coral-limestones have been observed, the 
waters of the ’ ocean were comparatively warm. This inference is 
stren^^thened by the remarkable extension of the Silurian fauna over a 
large Vrt of the surface of the globe. The assemblage of organisms 
at the base of the Silurian system (the Eulonia-Niobe -fauna), which 
extends from Swedish Lapland to Languedoc, shows, as Professor Brdgger 
has pointed out, that no marked difference of temperature can have 
existed between the 43rd and 65th parallels of north latitude.^ The 
Silurian fauna has been detected even as far north as Northern Grreen- 
land and Grinnell Land above latitude 80°. It spreads likewise into 
the southern hemisphere, where, in Tasmania, Victoria, South Australia, 
and New Zealand, some of the characteristic genera, and even some of 
the well-known species of Europe and North America, have been obtained. 
This world-wide diffusion may be taken to indicate the prevalence of a 
tolerably uniform and probably rather warm temperature over the globe 
even far up into Arctic latitudes. 

While a number of the Cambrian and Silurian species are of universal 
occurrence, there is sufficient diversity between the faunas of certain 
geographical areas not far removed from each other to indicate a want of 
direct connection between the seas in which these organisms lived, and 
thus to furnish us with some clue to the probable distribution of sea and 
land during early Palaeozoic time. Allusion has been made above to the 
local character of many of the trilobites, and the small number of species 
that appear to have migrated between the Old World and the New. 
This contrast comes out even between the faunas of neighbouring tracts 
of the same continent. In Europe, for example, a striking difference has 
been remarked between the older Palaeozoic trilobites of the northern and 
north-western countries and those of the central region. “ While the 
majority of northern genera and species are common to Great Britain, 
Scandinavia, and Russia, the forms of the central European provinces, 
(Bohemia, Thuringia, Pichtelherg, the Hartz, Belgium, Brittany, Northern 
Spain, Portugal, the Pyrenees, the Alps and Sardinia) are so dissimilar as 
to stand in closer relationships with the North American than with the 
first-named trilohite fauna. Of the 350 species found in Norway and 
Sweden, and of the 275 in Bohemia, only six are common to both 
provinces, and it is doubtful if these are really identical.” - A somewhat 
similar contrast has been noted in North America betv’-een the genex*al 
Upper Silurian fauna of the Mississippi valley and that of the State of 
New York. The former includes a number of peculiar and highly 
specialised forms, which it shares with Northern Europe, but which are 
not found in the Upper Silurian strata of New York, such as the crinoids 
Ufotalocrmus, CloMcrims(Gorynibocnnm^^ Petalocrinus, the coral 

Qonio^hylluw.'^ and the peculiar little twisted brachiopod jStfsjitis. Nfr. 
W^ellei infers that the ^jilurian sea, which was directly connected with 
Europe, stretched from the north in a long tongue down the heart of the 

^ M/i. Mag. xxxvi. (1898), p. 236. 

- Zittel’s ‘Text-book of Palgeontology,’ vol. i. p. 637. 
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American continent, and was not immediately united to the waters in 
which the New York fauna lived.^ 

From evidence of this kind, carefully collected and collated, the 
geography of former geological periods, may be in some measure recon- 
structed. YariouvS tentative efforts in this clirection have been made, hut 
much fuller information is rec|uircd before the results can be regarded as 
based more on ascertained fact than on ingenious conjecture. 


§ 2. Local Development. 

Britain. - —1 11 tlie typical area where JMurchisoii’s discoveries were tirst made, he 
found tli(^ Silurian rocks divi.sible into two great and well-marked series, which he 
termed Xowor ami Upper. This ehissificatioii has been found to hold good over a large 
part of the world. The suhjoinecl table sliows the arrangetuent and nomenclature of 
tlie various siil)divisioiiH of the Silurian system : — 

Feet. 


p. 

Ludlow group . approximate average thickness 

1900 

UlM'Ea SlI.URIA.V. 1 2. 

Wenlock group . 


1600 

u. 

Llandovery group 

: ? 

2500 

(•3. 

Caradoc or Bala group 

J 5 

6000 

Lower Silurian. 1 2. 

Llandeilo group 

j 7 

2000 

li. 

Arenig group . 

5 ? 

2000 


• Lovveii SiLriUAN. — The typical subdivisions iu Wales and Sliro])sli ire will first 
be described, and afterwards the development of the series in other parts of Britain. 
It will be remembered that on the ground of the palteontological evidence the Tre- 
inadoe group (p. 921) might be most fitly placed at the base of the Silurian system, but 
that in deference to long established usage it has here been retained in its old place 
lit the top of the Cambrian .sc3ries. We see in it the advent of the ricli tiilobitie fauna 
by which the Silurian formations are distinguished, the Asaphidie, Trimicleidie, 

( Jhei riiridio, mid other tribes. Beneath it only a few graptolites are found, and hardly any 
('e[)hal()]>ods, hutaliov'c it graptolites come in with extraordinary variety and number, 
and c(‘])lialopods raiddly iiierease also in importance among the fossils. 

I. A re n ig Uroup. — These rocks coiisi.st of dark slates, shales, flags, and bands 

of .sandstone, wliich puss down conformably into the Tremadoc group of the Cambrian 
serie.s. They are. abundantly developed in the- Aren ig mountain, where, as originally 
tl (scribed hy' Sedgwick, they include masses of assoeiatiKl volcanic rocks. In their 
abundiin tsuite of organic remains (fig. 377) new genera of trilobites make their aiipearance 
{^'E(j/liia, liftrra/ulUc, Ho?nalonott(s, Illmnopsis, Illmiins, PJuuojm, Rlaco'parm, 

Trlif.iiclr m). Pteropods are represented by .species of awd Hyolithm ; brachio- 

pods by LbiijiUa, LmgvMlco, Ilmioholma [Oholella), and Or this ; laiiKillibrancha by 
fWivit/rji, JUdonitt, and Itiheiria; gasteropods by Ophiletay Fkurotonmria, lUlhroyhon, 
and Maciwrea; and etiphalopods by Orthocerus. But the most abundant organisms are 
tbc graptolihjs, of whieb no fewer than twenty genera have been found in the Arenig 
rocks of Britain. 

Professor Lapworth divides the Areiiig group into two parts, a Lower and an Upper, 
and he states that in the Lower ])art the genus Tctrmj'nqdms (Pig. 376), is e.specially 

‘ S. Weller, Jmni. iUol. vi. (1898), pp. 692-703. 

- Bee Murchison’s ‘ Silurian 8y stein,’ and ‘Siliiria’ ; Sedgwick’s ‘Synopsis’ (cited p. 915) ; 
Ramsay’s “North Wales” in Mewnrs uf Geol. Snrv. vol. iii. ; Etheridge, Addre.ss, 

J. iu A 1881 ; numerous local riiemoirs in the Q. /- O. S. and (leal. Mag., particularly 
by .Hicks, Ward, Hughes, Keeping, Lajiworth, &c., to some of which reference is made in 
sii]).seqiient pages. 
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characteristic, and does not occur on any higlier or lower horizon. Here he places the 
lowest Silurian graptolitic zone, that of Tetragraptics serra {hryonoides). The genera 
Loganograptiis, Olonograptits, Schizograptus, and Dichograptus are probably also peculiar 
to the same strata, as well as the species Lidymogm-ptus extensus, D. pmnntxdMS^ and 
the only known examples of Jietiograptus. According to this classification, the upper 
part of the Arenig group (zone of JDidymogmptiis hifidus) is especially marked by the 
presence of Phijllograptus (Fig. 376), in association with forms of Didipnograptus like J). 
bi/idm. Species peculiar to it, besides the last-named, are D. 'xmnutus and some forms 
of Diplograpta, such as Clvmacograptus conferttisd 

Hicks and others have recognised three divisions in the Arenig group — Lower, Middle, 
and Upper. The lower contains two genera found in the Treniadoc group below 
{Dictyograptus and I)e7iLlrograp>tics)^ and is also characterised by the presence of 
Diclymcgraptus cxte^ism, D. pexmatidics, Phyllogmptus stella, and Trigoxiograptus. The 
middle division is marked by Tetragrccptm serra, T, quadrihracMat'Us, fee., while the 
upper includes several species of JOidymograitus {]). hifidus, L. patuhis, kc.), Climaco- 
(jraptxis Gonfe^'tus, and Dlplograpt%s dejitatus.^ 

Hicks proposed to construct a sepiarate group under the name of ‘‘Llanvirn,” 
by taking the upper part of the Arenig (Didyrnograptui^ hijidiis zone) and lower portion 
of the Llaiideilo rocks, making a total thickness of about 2000 feet of strata near St. 
David’s in South Wales.^ It is in this group of strata that the trilobites Acidaspu% 
Barrandia, Illmims, and' PJmeopH make their earliest appearance. Sir A. C. Eamsay 
believed that in ISTorth Wales there is an unconformahle overlap of the Arenig upon the 
Treniadoc and older beds ; but in South "Wales there does not appear to he any break. 

A remarkable feature in the history of the Arenig rocks in Wales was the volcanic 
action during their formation, whereby various felsitic or rhyolitic lavas, Avith abundant 
discharges of fine ashes and coarser agglomerates, were erupted over the sea-hottorn and 
interstratified witli the contempoi-aneously deposited sediments, while more basic sills 
were subsequently injected under the volcanic sheets. Some of the more important 
Welsh mountains consist mainly of these ancient volcanic materials — Cader Idris, the 
Arans, Arenig Mountain, and others.® 

2. Llaiideilo G-roup. — These dark argillaceous and occasionally calcareous flag- 
stones, sandstones, and shales were first described by Murchison as occurring at 
Llaiideilo, in Carmarthenshire. They reappear near St. David’s, on the coast of Pem- 
brokeshire, and at Biiilth, in Radnorshire.® In the middle of them a seam of limestone 
(Llandeilo limestone) occurs, while intercalated igneous rocks are specially noticeable in 
the upper subdivision. It was at one time believed that graptolites were almost confined 
to this group. These fossils, now known to range from the Cambrian to the top) of tlie 

^ Lap worth, Ann. Mag. Nat. Hist. vol. vi, (1880), p. 197. 

^ Hicks, Q. J, O. S. xxxi. (1875), p. 171 ; Hopkinson and Lapworth, tiid, pp. 634-637. 

^ Pop. Science Bev. (1881), p. 289. 

** “Geology ofN. Wales,” Mem, Geol. Su-rv. iii. On the Arenig, Llanvirn, and Llandeilo 
series of Caermarthen in South Wales, Hisses Crosfield and Skeat, Q. J. G. S. lii. (1896), 
p. 523. 

® For descriptions of the Arenig lavas and tuffs consult the ‘‘Geology of N. "Wales,” 
already cited; also G. A. Cole and C. V. Jennings, Q.J. G. S. xlv. (1889) ; Geol. Mag. 
(1890), p. 447. Jennings and G. J. Williams, Q. J. Q. S. xlvii. (1891), p. 374. A. G. 
ap. at. Presid. Address, p. 106 ; and ‘Ancient Volcanoes of Great Britain,’ vol. i. The 
Lower Silurian rocks of the Shropshire area (where the position of the Shelve quartzite was 
recognised by Murchison) are described by Lapworth, Oeoh Mag. 1887, p. 78 ; Proc. Geol. 
Assoc. 1894, p. 317. 

® The interesting volcanic series at Builth is described by Mr. H. Woods, Q. /. G. S. 1. 
(1894), p. 566. Lower Llandeilo lavas and the Llanvirn fauna have been recognised by Hr. 
F. B. Cowper Beed at Fishguard on the Pembrokeshire coast, op. cit. li. (1895), p. 149. 
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Silurian system, occur abundantly in the Llairdeilo rocks, and present there a transitional 
character between the Arenig types below and those in the Caradoc or Bala rocks above. 
In the lower portions of tlie group the most abundant genus is ]Jidy7nograptvs, D. ITurchu 
soni (Fig. 376} being the characteristic specie.s (and serving to mark a graptolitic zone), 
;iec(>ni])anied by many of the Arenig species, together -with new forms of Oryptogniptm 
and (J/.ossoyraptns. In the middle part of the group the I). MnrcMsoni becomes very rare 
and is associated witli Diplogmpt'iis foliacGm and Ohimacogntptiis ScJictnvnhergi. In the 
Up[>er Llandcilo rocks graptolites of the type of Crypto graptns tricornis and Olhiacv- 
graptus Hckarenhergi arc abundant, also species of Cmnognoptm with Dicellograptus 
srekms (zone of Cmiocjntptus gracilis). Trilobites are characteristic fossils of the group, 
upwards of fifty species belonging to eighteen or twenty genera being known. These in- 
clude cliaractcri.sti(j forms which do not range hcyoiid tlie group, Asaphus tyrannm 
(Fig. 378, 4) CahjmaiU'. catnhrcnsis, Tritudrns Lloydii (Fig. 378, 8) and T. being 

found in the lower subdivision, and Jiarnmdia Corclai, Chdricnis Sedgioicldi, and Ogygio> 
jfUidiii (Fig. 378, 3) in the upper. Tlie hrachiopods include the genera Acrotreta, 
Crania, JJlsciiM, Sljdionotreta, Leptsena, lingula, Ortliis, Flctamhonites, and Btropho7nena, 
some of which hem* make their first api)earance. The laniellibraiiclis are represented by 
sjiecics of Cimibla {0. iiUrrrapla'/) and Modiolopsis (I/*, cxpaiua, M. inflata), the 
ga.sterc){>()d.s by Cyclaimna, E'mmpihalus, M'ltrchisonia, lleurotoviariu, Ilaphistuma, 
Jtrllrraphon, Jdccnlkmphalus, and Madurea, tlie pteropods by Conularico and HyoJitlies^ 
th(i cephalopods by Cyrtoccras, Orthom'os, and Encloceras. 

3. Oaradoc or Bala Group. — Under the first name were placed by Murchison the 
tliick yellowish and grey sandstones of Caer Caradoc in Slirop.shire, and the Horderley 
and May Hill Sandstone. It wa.s afterwards ascertained that the grey and dark slates, 
grit.s, and .sandstones de.scribed by Sedgwick as occurring round Bala in Merionethshire, 
•and regarded by him as the higher part of his Cambrian .system, were really slightly 
iliffereiit lithological developments of the same stratigrapliical division. In the Shrop- 
shire area, some of the rocks are so slielly as to become strongly calcareous. In the 
Bala district, the strata contain two linie.stoiies separated by a sandy and slaty group of 
rocks 1400 feet thick. The lower or Bala limestone (25 feet tliick) lia.s been traced as a 
variable band over a large area in North Wales. It is usually identified with the 
<Joiiiston limestone of the We.stmorelaiid region. The upper or Hirnant limestone (10 
feet) is more local. Band.s of volcanic tuff and large beds of various fel.sitic lava.s occur 
among the Bala beds, and }n*ove the coiitcmporaiieoas ejection of volcanic products. 
Tlie.se attain a tliickness of several thousand feet in the Snowdon region.^ 

A large .suite of fo.sHils has been obtained from this grouj) (Fig. 379). The sponges 
are represented hy a few forins {Astylosponyia). The graptolites are strongly differen- 
tiated from tliose of the Arenig rocks hy the entire absence of Dichograptidse and 
Phyllograiitidie. The Biplogruptkhe, feebly reprc-sented in the Arenig and Lower 
Llandeilo groups, are now, as Professor Lapvvorth points out, the dominant forms, 
oecurring in swarms in every zone. The two genera Diplograpiia and Clwiacor 
are especially abundant. IT le . following succe.ssive zones, each marked by the 
pirevalenee of its own speedes of graptolite, have been observed by Profe.ssor Lapworth 
in a.scendirig order: (1) zone of Climacograptm Wilso7ii, (2) zone of Dicremograptus 
Cliiiganl, (3) zone of Hetirograptiis linearis, (4) zone ol JHcdlograptihs-.ctmiplayiatm, (5) 
zone of Dicdlograpkcs aficcps. The same observer remarks upon the extraprdinary 
extinction of families, genera, and species of graptolites during the period of the Carndpe- 
Bala rocks. “The entire families of the Bicrariograptidae, Leptograptidee, and Lasio- 

^ For accounts of the volcanic phenomena of the Caradoc-Bala series of Wales, see 
Kamsay’s Hleology of North Wales,’ already cited. A. Harker’s ‘Bala Yolcanic Series of 
Caenarvon.shire,’ being the Sedgwick Prize Bsisay for 1888. F. Riitley, Q. J, G, E, xxxv. 
(1879), p. 508. W. W. Watts, op. c.it. xli. (1885), p. 532. A. Gr. 'voL xlvii. (1891), Presi- 
.dential Address, p. 117 ; ‘Ancient Yolcanoes of Great Britain,’ chap. xiii. 
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graptidfe disappear from sight altogether. The only families that survive into the 
Llandovery rocks are those of the Diplograptidie and Retiolitida?, and these only in a 
very degenerate form.” Yet it is remarkable that it was during Caradoc time that 
the Dicranograptidie and Leptograptidm attained their highest development.^ 

To the conditions that alloAved the deposition of limestone bands in this group we 
doubtless owe the presence*' of upAvards of 40 .species of corals belonging to Alveolites, 



Fig. 379.— Group of Caradoc Fossils. 

a, Porambonites intdreedens, Pander; ?>, Ortliis hirnanteusis, McCoy ; c, Lingula longLssinia, Pander (V) 
d, Stroplioniena grandi.s, Sby. ; e, Orthis plicata, Sby Ortliis calligrainma, Dalni. ; g, Crania di- 
varicata, McCoy ; h, Triplesia (?) inaccoyana, Dav. ; i, Atrypa (?) Headii, Billings (f) ; j,. Atrypa 
inarginalis, Dalm. ; k, Disciua oblongata, Portl. ; I, Ambonychia prisca, Portl. ; m, Paliearca 
billingsiana, Salt. ; n, Rhynchonella nana, Salt ; o, Cleidopliorus ovalis, McCoy. 

CyatkophyUim, Favosiies, Halysites, Jffeliolites, Moniiculipom, &c. The echinoderm.s. 
are represented by crinoids of the genera CyatJiocrinm and Glyptocrinus ; by numerous 
species of cjstidesiiis {Echinosphserites, Spihseronites, Agelacrinites, Hewicosmites, &c.) ; 
by brittle- stars {Frotcoster), and by star- fishes of the genera Palasaster and Steoiaster ; the 

1 Lapworth, Ann. May. Nat. Hist. v. (1880), p. 358 seq. 
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annelids by Ser^puUtes, and numerous burrows and tracks ; the trilobites by species of 
Acidaspis, Ampyx, AsapJms, Calymene, Cheirmms^ Cyhele, Encrimirus, llomalonotus, 
Illsenus, Lichas^ Phacops, Kemoplmrides^ Trimidcus; tlie ostracods by Pcyrichia, 
Zeperditia, Cythere, PrwiUia, and Entomis ; the polyzoa by Fenestella, Glaiiconomc, 
Ptilodictya, and Phyllopora; the brachiopods by Atrypa, 3feristcUa, Leptaiua, Orthis, 
Plcctamho7iUes, StropJhoonena, Crania, Trematis {I)iscina),*QPLi([ Lingula; the lamelH- 
branchs by Otenodonia, Orthonota, Modiolopsis, Ptermea, Amhonychia, Palamrca ; the 
gasteropods by Micrchisonia, Pleurotomaria. PapiMstoina, Cydooiona, CyrtolUes, Holopixa, 
JEolopella, BdUrophon, Ecculioynphalus, and Maclurca, ; the pteropods by TcJifaciditcs, 
Conularia, and Hyolithes ; and the ceplialopods by the genera Ortlioccrns, Oyrtoceras, 
Trocholites {Lituites), kc. 

The Lower Silurian rocks, typically developed in Wales, extend over much of 
Britain, though largely buried imder more recent formations. They rise into the hilly 
tracts of Westmoreland and Cumberland^ where they consist of the following 
subdivisions in descending order : — 

Bala beds. 

Part of Bala, whole of Llandeilo, 
and peril ap.s part of Arenig 
groups. 

Arenig group, with perhaps Tre- 
madoc Slates and Lingula Flags. 

Apart from the massive intercalation of volcanic rocks, these strata present con- 
siderable lithological and palaeontological differences from the typical subdivisions in 
Wales. The Skiddaw slates are black or dark-grey, argillaceous, and in some beds 
sandy rocks, often much cleaved, though seldom yielding workable slates, sometimes 
soft and black, like Carboniferous shale. As a rule, they are .singularly unfossiliferoiis, 
but in some of their less cleaved and altered portions, they have yielded Lingula hrevis, 
traces of annelids, a few trilobites {xEglina, Agiiostus, Asaphus, &c.), some phyllocarids 
(Caryocaris), and remains of plants (?) {BythoirepJds, &c.). Bnt their most abundant 
and cliaracteristic fossils are graptolites, of wdiicli 59 sjjeeies have been determined. 
These organisms indicate that, while the main mass of the slates may be regarded as. 
of Arenig age, the lowest parts of the series, where Bryograptus and Clonogmptus fenelhis 
are found, probably belong to the Tremadoc group ; the highest portions, containing 
Diplograptiis, Lidymograptus, Jdacoparia, &c. appear to represent the lower part of the 
Llandeilo (Llanvirn) series of Wales. Of the whole of this graptolitic fauna 14 .species 
are found in other parts of Britain, 25 occur in the Quebec group of Canada, and no 
fewer than 34 are common to the Skiddaw .slates and to the Lower Silurian series of 
Sweden.*^ These slates, as already mentioned (p. 779), liave been invaded by granite and 
• other eruptive rocks, and liave undergone marked contact-metamorphism. 

Towards the close of the long jieriod represented by the Skiddaw slates, volcanic 
action manife.sted itself, first hy intermittent sliow'ers of ashes and streams of lava, which 
were interstratified with the ordinary marine sediment, and then by a more powerful 
and continuous series of explosions, whereby a huge volcanic mountain or group of cones 
was piled up above the sea-level. The vast pile of volcanic material (estimated at some 
12,000 feet in total thickness) consists entirely of lavas and a.sbes without the iiitenstrati 

Sedgwick’s ‘Three Letters addresse<l to W. Wordsworth,’ 1843. J. C. Ward, “Geology 
of the North Part of the English Lake District” {(J eoloyieuJ Survey Memoir), 1876. Nichol- 
son, ‘Essay on the Geology of Cumberland and Westmoreland,^ 1868. See also papers by 
Harkness, Nicholson, Hughes, Marr, and others in Q. J. G. B. and Geol. May. 

- Miss G. L. Elies, Q. J. G. S\ liv. (1898), p. 525. See also Mr. J. Marr, Oeol. Mag. 

’ 3894, p. 122. 


Lonistoii Limestone series with the A.sligill j j 
shales above the liniestone'’aii(l the Dufton j = - 
•shales below it . . . . . j \ 

Borrowdale volcanic series (green slates and' 
porphyries) : tuffs and lavas without ordi' 
nary sedimentary strata except at base, 

12,000 ft. 

Skiddaw Slate.s, 10,000 or 12,000 ft., base \ __ 
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fication of ordinary sediment except at the base and the top. The lower lavas are varieties 
of andesite, which are also met with in the central and higher parts of the Borrowdale 
volcanic series, while rhyolitic felsites were specially poured out towards the close of the 
volcanic period. Enormous quantities of fine volcanic ashes were likewise discharged. 
These various volcanic rocks form the picturesque hills of the Lake District.^ The length 
of time occupied by this volcanic episode in Cumbrian geology may be inferred from the 
fact that all the Llandeilo and a large part of the Bala beds are absent here. The volcanic 
island slowly sank into a sea wherein Bala organisms flourished. In some places a 
group of shales occasionally 300 feet thick, and known as the Dufton shales, overlies the 
Borrowdale series, and contains among other characteristic species Strophomena expansa, 
Plectamhonifcs {Leptmm) sericca. Triiiudens conceiitricus, Homalonotus hisulcatus^ 
Illmius Boiomanni. The most marked rock of the overlying series is the Coniston 
limestone,- which has yielded such familiar Bala species as MonticuHpora (Favosites) 
Jibrom, ffelioUtes inter stiiidus^ Cylcle very'ucosa. Fleet mihonites {Leptsena) sericea, Orthis 
Actonim, 0. Mforata, 0. calHgramma^ 0, clegantiila^ 0. porcaUc, and Leptsena 
{Strophomena) rhoynhoidalis. These organisms and their associates, gathering on the 
submerged flanks of the sinking volcano, before the eruptions had finally ceased, 
formed there the limestone now' traceable for many miles through the Westmoreland 
hills, like the Bala limestone of Iforth Wales, which, as already stated, it probably 
represents. The Coniston limestone is overlain by a conformable group of argilla- 
ceous strata (Ashgill shales) containing Trinucleus concentricus, Phacops apimlatm, 

P. miicro7iahcs, Stroplhome)ia sihiriaiuc, and other Lower Silurian fossils. Not far to the 
east, at the base of the great Pennine escarpment, contemporaneous volcanic rocks in 
the Coniston series are well developed.'^ But the enormous volcanic group of Westmore- 
land and Cumberland dies out rapidly in that direction, for in the Craven district it is 
represented by a series of sandstones, grits, and slates (often green), probably 10,000 
feet thick, "which passes up conformably into the Coniston limestone series.* ** The most 
interesting feature of the Crossfell inlier is the occurrence of an isolated mass of lime- 
stone at Keisley, which has yielded a large and peculiar assemblage of fossils, that show it 
to belong to the base of the Upper Bala or Caradoc rocks, and to represent in a more 
complete form a zone which is elsewhere absent or only feebly developed in Britain. 
Among these organisms trilobites are specially prominent, no fewer than 17 genera and 
43 species having been obtained, lllaenus, Chein.^rus, Lidias and Harpes are each 
represented by a number of species. The brachiopods are likewise numerous, particularly 
species of Orthis, liajioiesqnma, Plectambonites and Atrypa, and the corals include Haly- 
s ites catenuluria, MonticuHpora fibrosa, Favosites alveolavis, an d Streptelasma europmumP 

The Southern Uplands of Scotland are formed almost wholly of Lower and Upi)er 
Silurian strata which have been thrown into innumerable plications, often overthrust 
and reversed. The unravelling of this complicated structure has been made possible 
chiefly by the evidence from certain zones of graptolitic shales, so well w’orked out by 
Professor Lapworth, and the whole region has since been mapped in detail and de- 
scribed by Messrs. Peach and Horne, of the Geological Survey.^ The Arenig division 

* On the volcanic geologj' of this region consult J. C. Ward in the work above cited. 
A. G., Presid. Address, Q. J. G. S. 1891, p. 137 ; ‘Ancient Volcanoes of Great Britain,’ 
vol. i., and authors there given. Also W. M. Hutchings, Geol. Mag. 1892, pp. 154, 218. 

2 On this limestone see Marr, Geol. Mag. 1892, pp. 97, 443. 

^ Harkness, Q. J. G. S. xxL (1865), p. 235. Nicholson, Geol. Mag. 1869, p. 213. 
This “Crossfell inlier” has been described by Messrs. Nicholson, Marr, and Harker, 

Q. J. G. S. xlvii. (1891), p. 500. 

^ Hughes, Geol. Mag. iv'. (1867), p. 346. Tliis area had previously been described by 
Sedgwick, Trans. Geol. Soc. (2) iii. p. 1 ; and by Phillips, <2. J. G. 8. viii. p. 35. 

^ F. R. Cowper Reed, Q. J. G. 8. lii. (1896), p. 407 ; and liii. (1897), p. 67. 

® Lapworth, in the papers cited on p. 965. B. N. Peach and J. Horne, The Silurian 
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is represented by cherts containing radiolaria, mudstones, and grey shales, which in 
the central and northern parts of the region are associated with fine volcanic tufi's. 
In Ayrshire and the south-western districts, where the volcanic constituents attain a 
great development, they consist of basic lavas (diabase, &c.), with intercalated tuffs and 
agglomerates. A characteristic feature of these lavas is the development of ellipsoidal 
or pillow-structure in them (pp. 136, 306). This volcanic platform appears to under- 
lie the Silurian region over an area of at least 2000 square miles, inasmuch, as it comes 
to the surface wherever the crests of the anticlines bring up sufficiently deep parts of the 
formations. It is thus one of the most extensive as well as one of the most ancient 
volcanic tracts in Europe. The fossils include Tetragrob'ptns (6 Lickogra'ptus 

(4), Didymograptus (4), Trigonograptus (I), Thyllogrwptus (1), Dcndrograptus (1), 
Glimacograptus (1), and Dwtyonemci (1) ; Caryocaris Wrightii, Acrothele (2 species), 
Acrotreta (2), Kittorgina (2), LingulaiX)-, Lingidellob (3) ; Linnarssonicv (2), Obolella (3), 
with the glass-rope sponge RyalostcUa and annelid jaws referred to Arabellites. 

The Llandeilo division is generally represented in the lower part by radiolarian cherts 
and mudstones, which immediately overlie the Arenig rocks ; in the upper part by 
greywackes and shales, including the Glenkiln Black Shales, bands of red nodular chert, 
with courses of red and green mudstone, fine volcanic tuffs, massive grey and black 
cherts and occasional black shales containingUpper Llandeilo graptolites — Stephanograpt us 
{Cosnogmptus) gracilis, the zonal Didymographis (2 species), Thminograptus (2), 

Clathrograptus (1), Dicranographis (1), Diccllograptus (6), Leptograptus (1), Diplograptus 
(6), Cryptograptus (1), GlossograpHs (1), Lasiograptics (2), Climacograptus (3), Gorynoides 
(2), Acrotreta, Acrothele, Siphonotreta, Discina, Eyalostelia, and 22 species of radiolaria 
which abound in some of the bands of chert. In the G-irvan district of Ayrshire, where 
a portion of the Llandeilo formation is absent and the remaining part lies imconformahly 
on the Arenig cherts, massive conglomerates appear together 'with a thick limestone 
(Stinchar) and graptolitic mudstones. The limestone has yielded a large assen\blage of 
fossils, conspicuous among which are nodules of GirvmieXla (probably related to the 
calcareous algae), abundant corals, of which no fewer than 17 genera have been detected ; 
numerous articulate brachiopods {Leptsena, 9 species ; Sti'ophomena, 9 ; Rhynchonella, 
11 ; Orthis, 15 ; together with a few lamellibranch.s, some gasteropods {Maclurea, 
OpMletcc, Murchisonia, Pleurotomaria), and species of the cephalopods Orthocer(fS, 
Gyrtoceras, and Trocliolites. 

The Caradoc division in the central part of the region is represented by an upper 
group of green and grey mudstones with black shales, forming the Upper Hartfell Shales, 
and divided into an upper zone of Eicellogr aphis anccp)s, Diplograptus trmicatios, and 
Gliniacograptics scalar is, a middle band of mudstone (unfossiliferoiis “ Barren Mud- 
stone”) and a lower zone oi DiceUograptiis complanatus, and IHctyoricmainoffateiisis. The 
lower group consists of a band of black shales about 50 feet thick, forming the Lower 
Hartfell Shales and containing the following zones in descending order : at the top, the 
zone of Fleurograptus linearis, with Le 2 ^tograptus Jlaccidiis, Diplograpdns foliaccus, 
Glhnacograptus tuhidiferus ; in the centre, the zone of Dicranogr aphis Clingani, within 
raimsus, Climacograptus caudatus, C. Mcornis, Diccllograptus Forchhammcri ; at the 
bottom, the zone of Gliinacogr aphis Wilsoni, with Gryptogrcqdus tricornis, Diplograptus 
riigosus, Lasiograptus Harknessi, Climacograptus Scharenhergi. In Ayrshire the 
Caradoc strata present themselves in a wholly different condition. They are much 
thicker and more varied in their lithological character, and they comprise a much more 
diversified fauna, but among the fossils the distinctive graptolites occur which serve to 
show the parallelism of these strata with the much thinner series of the Moffat region. 

Eeference has already l)een made (p. 797) to the occurrence of a belt of what appear 
to be rocks of Arenig age, wedged in along the border of the Scottish Highlands. These 

Rocks of Britain : 1. Scotland,” in Menu Geol. Siirv. 1899, — a detailed monograph on the 
geology, petrography, and palaeontology of the whole region. 
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rocks consist of radiolarian cherts or jaspers and slates, associated with basic ellipsoidal 
lavas (diabase). They present so close a resemblance to the Arenig band of similar 
rocks in the Southern Uplands as to afford strong reason to regard them as probably also 
of Arenig age. The radiolaria are not, however, sufficiently well preserved to admit of 
satisfactory comparison with those of the Arenig and Llandeilo cherts already referred 
to. This band of rocks has been traced along the margin of the Highland schists across 
Scotland into the island of Arran. It appears to be prolonged into Ireland and to 
expand there into a broad tract in county Tyrone. It is associated in Kincardineshire 
with a younger group of argillaceous and calcareous strata (“Margie series ”). There 
can be no doubt that these rocks have suffered from the latest plication of the region, 
and they suggest that possibly some part of the Central Highlands may consist of 
altered Silurian sediments and igneous rocks, as we know that in the north-west both 
Cambrian and pre-Cambrian sedimentary materials have gone to the construction of the 
crystalline schists of that region."^ 

In the north-east of Ireland a broad belt of Silurian rocks, crossing from the south- 
west of Scotland, rims from the coast of Down into the heart of the counties of Ros- 
common and Longford. It is marked by the same graptolitic zones that occur in 
Scotland. The Glenkiln shales with their typical Llandeilo graptolites are found to 
the south of Belfast Lough, while the Hartfell shales with their Caradoc fossils have 
also been observed.^ The richest fossiliferous localities among the Irish Silurian 
rocks are found at the Chair of Kildare,^ Portrane near Dublin, Pomeroy in Tyrone, and 
Lisbellan in Fermanagli, where small pirotrusions of the older rocks rise as oases among 
the surrounding later formations. Portlock brought the northern and western localities 
to light, and Murchison pointed out that, while a number of the trilobites {Trinudens, 
Phacops, CahjmenCi Illfenus), as w'ell as the simple plated Orthidm, Lept?enas and 
Strophomense, some sjiiral shells, and many Orthocerata, are specifically identical with 
those from the typical Caradoc and Bala beds of Shropshire and Wales, yet they are 
associated with peculiar fortns, first discovered in Ireland, and very rare elsewhere in 
the British Islands. Among these distinctive fossils he cited the trilobites, Pemoplai- 
rides, Ilarpcs, AmpMon, and Brontem, •with smooth forms of Asaphus {Isotelus), wliich, 
though abundant in Ireland and America, had seldom been found in Wales or England, 
and never on the continent.'^ To the north of the broad Silurian belt which crosses 
the island lies the tract in Tyrone, above referred to, where a remarkable series of cherts 
and jaspers like those of the Arenig group in the south of Scotland, is associated with 
a great development of ellipsoidal lavas, tuffs, and agglomerates, together with shales, 
grits, and limestones like those of the “Margie Series” of Kincardineshire. In the 
south-east of Ireland a large tract of Lower Silurian rocks extends through the counties 
of Wicklow, Wexford, and Waterford. In this area also the Llandeilo and Caradoc 
graptolitic zones occur. Even as far 'south as the southern coast-line of Waterford 
black shales continue the physical aspect of the Glenkiln shales, and contain some of 
the same graptolites.® have thus evidence that the black carbonaceous mud in 

^ Annual Reports of Geol. Survey for 1893, 1895, and 1896 ; Summary of Proyress of 
Geol. Surv. for 1899, p. 67. ‘Ancient Yolcanoes of Britain,’ vol. i. p. 240. G. Barrow, 
Q. L G. S. Ivii. (1901), p. 328. 

- W. Swanston, Trans. Belfast Nat. Field Club, 1876-77. Lapwortli, Ann. May. Nat. 
Eist iv. (1879), p. 424. 

2 See the recent detailed account of this locality by Messrs. Reynolds and Gardiner, 
<^2. /. O. S. lil (1896), p. 587. The same geologists have also subseiiuently studied the 
Portrane inlier {op cit. liii. 1897, p. 520) ; and Lambay Island (liv. 1898, p. 135). The 
Balbriggan district lias been described by W. Andrews, Geol. Mag. 1899, p. 395. 

^ ‘Siluria,’p. 174. The upper portion of the Pomeroy section has yielded Llandovery 
graptolites, so that the strata there are partly Lower and partly Upper Silurian. 

® The geology of the Waterford coast was described by Jukes and Du Noyer in the 
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which these graptolites lived spread over the sea-floor for a distance of at least 300 
miles. 

Upper Silurian. — Wales and Shropshire. — This series of rocks occurs in two 
very distinct lithological types in the British Islands. So great indeed is the contrast 
between these types, that it is only by a comparison of organic remains that the whole 
has been grouped together as the deposits of one geological period. In the original 
Shropshire region described by Murchison, and from which his type of the system w'as 
taken, the strata are comparatively flat, soft, and unaltered, consisting mainly of some- 
what incoherent sandy mudstone and shale, with occasional bands of limestone. But 
as these rocks are followed into North Wales, they are found to pass into a thick series 
of grits and shales, so like portions of the hard altered Lower Silurian rocks that, save 
for the evidence of fossils, they would naturally be grouped as part of that more ancient 
series. In Westmoreland and Cumberland, and .still farther north in the border counties 
of Scotland, also in the south-west of Ireland, it is the North Welsh type which prevails. 
This type, therefore, is really the ])revalent one in Britain, extending over many hundreds 
of square miles, while the original Shropshire type hardly spreads beyond the border 
district between England and Wales. 

Taking first the original tract of Siluria (W. England and E. and S.E. Wales), we 
find a decided unconformability separating the Lower from the Upper Silurian deposits. 
In some places the latter steal across the edges of the former, group after group, till 
they lie directly upon the Cambrian rocks. Indeed, in one district, between the Loiig- 
mynd and Wenlock Edge, the base of the Upper Silurian rocks is found within a few 
miles to pass from the Garadoc group across to the Longmyiidiaii rocks. It is evident, 
therefore, that in that region very great disturbance and extensive denudation preceded 
the commencement of the deposition of the Upper Silurian rocks. As Ramsay j^ointed 
out, the area of Wales, previously covered by a wide though shallow sea, was ridged up 
into a series of islands, round the margin of which the conglomerates at the base of the 
Upper Silurian series began to be laid down. This took place during a time of 
submergence, for these conglomeratic and sandy strata are found creeping up the slo])es 
and even capping some of tlie hills, as at Bogmine, wdiere they reach a height of 1150 
feet above the sea. The subsidence probably continued during the whole of the interval 
occupied by the deposition of the Upper Silurian strata, which were thus piled to a 
depth of from 3000 to 5000 feet over the disturbed and denuded platform of Lower 
Silurian rocks. 

Arranged in tabular form, tlie subdivisions of the Upper Silurian rocks of Wales and 
the adjoining counties of England are in descending order as follows : — 

Base of Old Red Saiid.stoiie. 

''Tilestoiies. 

Do Wilton Castle Sandstone, 90 feet 
Ledbury Shales, 270 feet. 

Upper Ludlow Rock, 140 feet. 

Aymestry Limestone, up to 30 or 40 feet. 

^Lower Ludlow Rock, 350 to 780 feet. 

I Wenlock or Dudley Limestone, 90 to 300 feet. 

■j Wenlock Shale, up to 1900 feet. 

( Woolhope or Barr Limestone and Shale, 150 feet. 

I Taraunoii Shales, 1000 to 1500 feet. 

1. Llandovery group. | Upper Llandovery Rocks and May Hill Sandstone, 800 feet. 

Lower Llandovery Rocks, 600 to 1500 feet. 

1. Llandovery Group. — The most marked lithological character of this group in 
Britain is the occurrence of conglomerates which indicate the terrestrial disturbance 


3. Ludlow group. 


2. Wenlock group. 


Geological Survey Memoir on Sheets 167, 168, 178, and 179 (1865), Ireland. A. G., ‘ Ancient 
Volcanoes of Great Britain,’ vol. i. The ground has recently been studied by Mr. F. R. C. 
Reed, Q, J. G. Iv. (1899), p. 718 ; Ivi. (1900), p. 657 ; Geol, Mag. 1897, p. 520. 
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and extensive denudation that followed the close of the deposition of tlie Lower Silurian 
rocks. 

(а) Loiver llandoveiy . — In North Wales, the Bala beds, about dve miles S.E. of Bala 
Lake, begin to be covered with grey grits, which gradually expand southwards until in 
the Rhayader district of Radnorshire they attain a thickness of 1830 feet. These 
overlying rocks are well displayed, near the town of Llandovery, where they contain 
some conglomerate bands, and where Mr. Aveline detected an iinconformability between 
them and the Bala group below them. Elsewhere they seem to graduate downwards 
conformably into that group. They cover a considerable breadth of country in Cardigan 
and Carmarthenshire, owing to the numerous undulations into which they have been 
thrown, and they extend as far as Haver ford West in Pembrokeshire. A marked change 
is now visible in the fossil contents of the rocks, as compared with those of the Lower 
Silurian subdivisions. Thus the familiar Lower Silurian types of trilobites become few 
or extinct, such as Agiiostus, Ampyx, Asaphus, Ogygia,, Bemopleurides, Triimeleus, and 
their places are taken in Upper Silurian formations by species of Acidaspis, Encnnurus, 
PJicccops, Pmetm, and other genera. A still more striking contrast occurs among the 
types of graptolites. The families of the Dicranograptidoe, Leptograptidte, and 
Lasiograptidfe wholly disappear, and theforms which now take their place and distinguish 
the Upper Silurian rocks belong to the Alonograptid®, which gradually excdude the 
Diplograptidse, until before the higher parts of the system are reached they are the sole 
representatives of the graptolites. Three graptolitio zones have been recognised in the 
Lower Llandovery group, viz. in ascending order: (1) Diplograptus acio'niinat'iLS, 
(2) Diplograptm vesimlosusy (3) Monocjrapt'ns gregarius. Besides these species, 
Momgmptus UnuiSy if. attenuatns, M. crenidaris, if. loHfentSy CUmacogrmptus 
midulahis, G. oiormalis and C. rectangularis are common Lower Llandovery forms. 
Other characteristic fossils are Orthis eleganMa, 0. Ustxidinana, Stricklcundmia 
{Pentmierus) lens, an d Meristella crassa. Prom the abiindan ce of the peculiar brachiopods 
termed PentoiflniS in the Lower, but still more in the Upper Llandovery rocks, these 
strata were formerly grouped together under the name of “ Pentanierus beds” (Fig. 380). 
Though the same species are found in both divisions, Pentamerxcs dblongus is chiefly 
characteristic of the upper group and comparatively infrefjuent in the lower, while 
Strichlandia, {Pentamcrus) Hens abounds in the lower, but appears more sparingly in 
the upper. The genus ascends into the Werilock and Ludlow groups, and is specially 
distinctive of Upper Silurian rocks. ^ 

(б) Upjpcr Zlandoveri/ cciid Mag Hill Sandstone. — This sub-group has received the 
name of May Hill Sandstone from the locality in Gloucestershire where, as first shown 
by Murchison, it is well displayed. Sedgwick pointed out that it forms over a wide 
region the natural base to the Upper Silurian series, for it rests unconformably on all 
older rocks. It consists of grey, yellow, and brown ferruginous sandstones and 
conglomerates, sometimes calcareons from the abundance of shells, which are apt to 
weather out and leave casts. "Where the organisms have been most crowded together 
the rock even passes into a limestone (Pentameriis limestone, Norbury Limestone, Hollies 
Limestone). The lower members are usually strongly conglomeratic, the pebbles being 
derived, sometimes in great part, from Lower Silurian rocks. Appearing on tlie coast 
of Pembrokeshire at Marloes Bay, this sub-group ranges across South Wales until it is 
overlapped by the Old Red Sandstone. It emerges again in Carmarthenshire, and trends 
north-eastward as a narrow strip at the base of the Upper Silurian series, from a few 
feet to lOOO feet or more in thickness, as far as the Longmyiid, where, as a marked 
conglomerate wrapping round that ancient ridge, it disappears. In the course 

^ The Lower and Upiper Llandovery rocks of Central Wales have recently been the 
subject of an exhaustive stratigrapMcal and paljeontologlcal study by Mr. H. Lapworth, who 
has unravelled their succession and recognised among them their characteristic graptolitio 
zones, Q. J. G. S. Ivi. (1900), pp. 67-135. 
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of this long tract it passes successively and nuconformably over Lower Llandovery, 

Caradoc, Llandeilo, Cambrian, and pre-Cambrian rocks. ^ 

Among the fossils are traces of fiicoids and sponges ; numerous graptolites {Mono- 
grapt'us SedgwicHi, M. Qlingani, M. spiralis^ M. convolutus^ M. Proteus, M. lohifer^is, 

Cliiiyxcograptus norumlis, Diplograptus Hughesii, D. simiatus, Eidyonema corrugatellumi, 

D. delicatulum, Oalyptograptus digitatus, RetioliUs perlat'ns') \ a number of corals 
{Lindostroemia, Heliolites, Pavosltes, HaZysUes, Syringopora, &c.) ; a few crinoids and 
sea-urchins {PctlseecMnm ) ; the pteropod Tentaculites (particularly abundant) ; a number 
of trilobites, of which Fhacops cctudatus, P. Stokesii, P. JFeaveH, Encrinurm yiundatus, 

Oalymene Bluynenlachii, Proetus Stohesii, and Illsenus Thomsoni are common ; numerous 
brachiopods, as Atrypa hemisjyherica, A. reticidobris, Pentctmeriis ohlongus, Stricklctndinia 
lirata, S. Jens, Plectanibomtes transversalis, OrtMs ccdligramma,, 0. elegmitida, 0. reversa, 

StropUomeiia coripressa, S. [Orthothetes) pyecteoi, Lingula pa/rallela ; lamellibranehs of 
the mytiloid genera Orthonota and Modiolopsis, with forms of Pterinea, Ctenodonta, and 
Lyrodesmcb ; gasteropods, particularly the genera PapMstorna, Murchisonia, Pleuroto- 
maria, Oyeloncma, Nolopella, and the species Bellerophon dilatatus, B. trilobatus, and 
B. carinatus ; and cephalopods, chiefly Orthoceras, \vith some forms of Actinoceras, 

Cyrtoceras, Tretoceras, and Phragmoceras, and the old species Troclwceras iJAtuites) 
cormi-arieHs. 

(c) Tarannoii S?iale , — Above the ‘Upper Llandovery beds comes a very persistent 
band of fine, smooth, light grey or blue slates, which has been traced from the mouth 
of the Conway into Carmarthenshire. These strata, termed the paste -rock ” by 
Sedgwick, have an extreme thickness of 1000 to 1500 feet. Poor in organic remains, 
their chief interest lies in the fact that the persistence of so thick a hand of rock 
between what were supposed to be continuous and conformable formations should have 
been unrecognised until it was proved by the detailed mapping of the G-eological Survey. 

The occurrence of certain species of graptolites affords a palaiontological basis for placing 
on this horizon a considerable mass of slaty and gritty strata in Cardiganshire, and for 
identifying these and the t^^pical Taraimon Shales with their probable equivalents in 
the Lake District and in Scotland. The following graptolitic zones in ascending order 
have been determined in the Taraimon rocks: (1) Rastrites maximus, (2) Monograptus 
exigmes, (3) Cyrtograptns Grayse. Prom the “Pale Shales” of Rhayader, which lie on 
the same horizon, as the Taraimon Shales, Mr. H. Lapworth has obtained a large 
number of graptolites, including Monograptus exiguus, M. discus, M. nudits, M. pjriodon, 

M, Bexki, M. crassus, M. jaculum, M.pandns, M. ioivolutus, M. Scdgioickii, M. lohifcrus, 

Iletiolites olesus, Piastrites distans, Petalogi'aptm palmeus. 

2. Wenlock Group. — This suite of strata includes the larger part of the known 
Upper Silurian fauna of Britain, as it has yielded more than 160 genera and 500 i 

species. In the typical Silurian area of Murchison, it consists of two limestone bands 
(Woolhope and Wenlock), separated by a thick mass of shale (Wenlock Shale). The 
following sub-groups in ascending order are recognised : — 

{a) Woollbope Limestone . — In the original typical Upper Silurian tract of Shropshire 
and the adjacent counties, the Upper Llandovery rocks are overlain by a local group of i 

grey shales, containing nodular limestone wdiich here and there sw’ells out into beds 
having an aggregate thickness of 30 or 40, but at Malvern as much as 150 feet. These 
strata are w'ell displayed in the picturesque valley of Woolhope in Herefordshire, which 
lies upon a worn qu^-qua-versal dome of Upper Silurian strata, rising in the midst of 
the surrounding Old Red Sandstone- They are seen likewise to the north-west, at 
Presteign, Hash Scar, and Old Radnor in Radnorshire, and to the east* and south, in the 
Malvern Hills (where they include a great thickness of shale below the limestone), and 

^ For a recent account of the Llandovery rocks and fossils of the Conway district see Misses 
G. L. Elies and E. M. R. Wood, Q. J. G. S. lii. (1896), p. 273. These rocks in the Rhayader 
district have been admirably worked out by Mr. H. Lapworth in the paper above cited. 
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May Hill iu GloucestersUire. Among the common fossils of these state may 
tioned Jllmus (Bumastus) harriensis, Homaloiwtus ddphvwceplialus, Phcu-ups mit,UU,u , 
ZlurTpJLu^s, Zdaspis Bn, MU, Atrypa r^cM, M crM^r^na, 

Strovhomencf (.StTopheodmita) inlrrex, B. {Strophonella) euohjpU, Tlechwiho,nte.s iicnis- 

irsilis, MynchoZla [OmrucroUecUa?) hormlis, Il.{Wihonia) WiUom, Omplmlutrochm 

lEuomphalus) sculptus, OHlwcents (tiiniOatHm. _ i„. (V,,.,n 

It is a feature of the older Palaeozoic limestones to occur m a very lenticulai loi in, 
swelliim in some places to a great thickness and rapidly dying out, to reappear again 
perhap.s some miles aivay with increased proportions. Uns local character i.s well 



Fig. 380.--Groux) of Pentameri from Llandovery and Winiloek Rocks. 

(Z, Pentaiuerus oblongus, Sby. ; 5. P. |>;aleatns. Lalm . ; c, P. Knigli tii, >Sby. ; d, 

rotiindns, Sby. (y) ; /, P. (simdlspecmren) ; g, P. lingnitbr, Sby. ; T^^^tTITOamsTsby 


exliibited by the Woolliope limestone. Where it disappear.s, the sliales nnderneatb and 
intercalated vvitli it join on continuously to tlic overlying Wenlock shale, and no line 
for the Woolhope sub-gronp can then he satisfactorily drawn. The same discontinuity 
is strikingly traceable in the Wenlock limestone to be immediately referred to. 

(6) WenlonJc Shale . — This sub-group consists of grey and black shales, traceable from 
the banks of the Severn near Coalbrook Dale across Radnorshire to near Carmarthen 
— a distance of about 90 miles. The same strata reappear in the protrusions of Upper 
Silurian rocks which rise out of the Old Red Sandstone plains of Gloucestershire, 
Herefordshire, and Monmouthshire. In the Malvern Hills, they were estimated l)y 
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Professor Phillips to reach a thiclaiess of 640 feet, but towards the north they thicken 
out to nearly 2000 feet. On the wliole, the fossils are identical with those of the 
owerlying limestone. The corals, however, so abundant in that rock, are here com- 
paratively rare. The brachiopods {lioigida.j LnptBiia, OrtMs, Strophovuncf , Jtnjpa, 
lUipiclionella^ Spirifty') are generally of small size — OrfJiis hiloba, 0. hybrida, and the 
large fiat 0. rnstica being characteristic.^ Of the higliei* molhisca, tliiii' shelled forms 
of OrtliooeroLS are specially abundant. Among the trilobites, EiicHwurits jounctatus, 
JE, variolar is^ Calyuenc BhmioihacMi, C. tyiberculosci, Pliacops cmidaf us, P. longU 
cccmlatus are common, distinctive species of graptolites have long been known to 
characterise the shales of this gronp.^ In 18 S2 Tullberg showed that the eq^uivaleiit 
strata of the Wenlock shales in Scania could he divided into zones by means of their 
distinctive gi’aptolite.s.*‘ Miss Elies, after a .study of the Swedish succession, has recently 
succeeded in applying the zonal classiti cation, by means of graptolites, to the Wenlock 
shales along the borders of England and Wales. ^ She has traced six zones in the 
following order, beginning with the lowest : — 1, zone of Cijrtograjptus M-iirc7moni^ 
containing besides, in great abundance, Ifonograytus priodon, if. vornerimts, M. Sisingeri, 
Retiolites gemitziamis ; 2, zone of Monograptxos ynccccrtoiicxists, including also numerous 
specimens of M. 'vouerbixis, M. capil/acetis, Cyoiograpt'iis flacdtlus ; 3, zone of Cyrto- 
gmptus symvietriacs, with abundant 'M vovieiHmis, duMus ; 4, zone of CgrtogTcfptxis 
L'bmarssoni, with plenty of J/. vomer-bi'iis, M. if ubms, M. Jlexilis ; 5, zone of Cyrtograptus 
rigidus, including also abundantly df. voxnerinns, iPdit hms, 3L rctrofle./ncs, Jf. Mcrriingii; 
6, zone of Oyrtograpiits Lxindgreni, with iiameroiis Jf. vomermiis, Jf. diibius, M. FlemingiU 
M, 'irfoiienttiSf and Ci/rtvgraptus GannitlicrsL 

{c) JVexilodc Limestone. — This is a thick -bedded, sometimes flaggy, usually more or 
less concretionary limestone, grey or pale pniik, often highly crystalline, occurring in 
some places as a single massive bed, in others as two or more bunds separated by grey 
shales, the whole forming a thickness of rock ranging from lOO to 300 feet.'’^ As its 
name denotes, it is typically developed along Wenlock Edge in Shropshire, where it 
runs as a prominent ridge for fully 20 miles; also between Aymestry and Ludlow. It 
likewise appears at the detached areas of Upper Silurian strata above referred to, being 
specially well seen near Dudley (whence it is often spoken of as the Dudley limestone), 
Woolliope, Malvern, May Hill, and Uskin Monmouthshire. 

A distinguishing characteristic of the Wenlock limestone is tlie abundance and 
variety of its corals, of which no fewer than 24 genera and upwards of SO species have 
been described. The rock seems, indeed, to have been formed in part hy massive 
sheets and bunches of coral. Characteristic species are Halysites catemilaria^ JECelioUtes 
inter stinctiis, Propora t'lLbxdata, Alveolites Lahediei, jFavosites aspera, F. gotlandiea, 
Coenites jwniperinus, Syrinigopora fasckularis^ Omphyma s'vbturhinatiLyn. The crinoids 
are also specially abundant, und often beautifidly preserved, Periechocrinus moniliforyiriis 
being one of the nkost frequent; others are Orotalocrmits mgosiis, Gissocrimis {Cyaiho- 
crinm) goniodactyhts, and Jtarsipocrinus c&Zatus. Several cystideans occur, of which 
one is Lepmlocrinms {Psexudocrimtes) gxiadrifaseiatus. More than 30 species of annelids 

^ As an example of the small size but extraordinary abundance of brachiopods in this 
formation reference may be made to the fact that a cartload of the shale from Buildwa.s was 
found by careful w^ashiiig to contain no fewer than 4300 specimens of one species [Orthis 
Uloha)., besides a much greater bulk of other brachiopods, araoiintiiig together to 10,000 
specimens at least ; while from seven tons weight of the shale at least 25,000 specimens of 
Orthis hiloha w'ere obtained. — Davidson and Maw, Geol. Mag, 1881, pp. 1, lOO, 145, 289. 

- lapworth, A im. Mag. Fat. Hist. v. (1880), p. 369. 

Pverig. Geol. Exidersokii, C. No. 50, p. 15. 

4 q. J. G. A Ivi. (1900), p. 370. 

^ On the microscopic structure of this limestone see Wethered, Q. J. G. P. xlix. (1893), 
p. 236. 
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have been found. The crustaceans include numerous trilobites, one of the most abundant 
being the long-lived Calymene Blumoihachii^ vdiich ranges from the Llandeilo flags 
(possibly from a still lower horizon) up to near the top of the Upper Silurian formations. 
It occurs abundantly at Dudley, where it received the name of the Dudley Locust.” 
Other common forms are Encrmurihs p%Lnct(it%s^ E. variolobris^ Lhacops caudatus, F. 
DowningisSy F. StoJcesii^ lUmnus (Bimiastus) barriensiSf Eomalonotus delpTimocepliahis 
and Chdrxcrus ljimucro7iatus. One of the most remarkable features in the arthropod 
fauna is the first appearance of the merostomata, which are represented by Em'ypter'iis 
pimctatus^ Eemiaspis horridus^ and perhaps Fiery gotus. The bracdiiopods continue 
to be abundant, upwards of 20 genera and 100 species having been enumerated. 
Among typical species may be noted Atrypa reticularis^ Meristma tumida, Spirifcr 



Fig. 381. — Upper Silurian Corals and Crustaceans. 

a, Acervularia ananas, Linn. ; &, Ptychophyllum patellatum, Schloth. (D; c, Oni^liynia subturbinatum, 
Linn. (^) ; d, Petraia bina, Lons. ; e, Ceratiocaris papilio, Salt. (J) ; /, Homalonotus delpliiiioceplialus, 
Green (i) ; g, Cyplmspis megalops, McCoy ; li, Phacops Downingiae, Murch. 

eh'oatus, S. plioatellihs, Rhy7ichonella {Gamarotcechia?) borealis common), E [Rhyii- 
chotreta) cmieata^ R. ( Wilsonia) Wilsoiiiy Orthis elegantula, 0. hybrida, Leptaena rhom- 
boidalis, and Fentamerus galeatus. The lamellibranchs are abundant and are represented 
by species of Avimloo, Fteriwea^ Cardiola and Cumllella, with Grain^Rysia cingulata, 
Orthonota amygdalina, and- some species of Modiolopsis and Ctenodonta. The gasteropods 
are marked by species of Omphalotroclms, Murchisonia, Oyclone7m, Platyceras, and the 
common and characteristic Bellerophon wenloeke^isis. The cephalopods, are represented 
by Trochoceras^ Cyrtoceras, OrtJioceras, SkUdL Phragmoceras ; of these the orthoceratites are 
by far the most abundant both in species and individuals, Orthoceras annulatum being 
the most common form. The beautiful and abundant Coiiularia Sowerbyi is a character- 
istic organism of this group. 
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3. Ludlow Group. — This group consists essentially of shales, with occasionally a 
calcareous band in the middle. It graduates downward into the Wenlock group, so that 
when the ‘Wenlock limestone di.sappears, the Wenlock and Ludlow shales form one 
continuous argillaceous formation, as they do where they stretch to the south-west 
through Brecon and Carmarthen. The Ludlow rocks, typically seen between Ludlow 
and Aymestry, appear likewise at the detached Silurian areas from Dudley to the mouth 
of the Severn. They were arranged by Murchison in three .sub-groups — Lower Ludlow 
Rock, Aymestry Limestone, and Upper Ludlow Rock. 

[a)' Lower Ludlow Lock. — This sub-group consists of soft dark grey to pale greenish- 
brown or olive sandy shales, often with calcareous concretions. Much of the rock, 
however, presents so little fissile structure as to get the name of mudstone, 'weathering 
out into concretions which fall to angular fragments as the rock crumbles down. It 
becomes more sandy and flaggy towards the top. From the softness of the shales, this 
zone of rock has been extensively denuded, and the Wenlock limestone rises up boldly 
from under it. It attains a thickness of 780 feet at Ludlow. Abundantly fossiliferous, 
it is particularly rich in graptolites, which have a special interest as the last great 
assemblage of these organisms before their final extinction. They have been employed 
to mark off this sub-group of strata into zones, the most recent and exhaustive investiga- 
tion in the subject having been made by Miss Wood, who has collected largely from the 
typical district and from the prolongation of the rocks along the Welsh border. She 
subdivides the Lower Ludlow shales in the Ludlow dLstrict into the following zones in 
ascending order : — 1, zone of Monogra^^us 'oidgaris, consisting of thinly-bedded shales, 
130 feet ; 2, zone of M. NiUoui, 120 feet (i/. duHus, M. colonus^ M. RoemciH, M. 'carians, 
M. chimera, M. uncinatxcs) ; 8, zone of Jf, scamcus, lOO feet (M. duhius^ M, RoemeiH, 
M. varia'iis, M. chimsera, M. hohcmimis) ; 4, zone of M. tamescem, 220 feet [M, cJiion^ra, 
IL hohemicus) ; 5, zone of M. lemhcardmensis, 210 feet. 

Among the other fossils are the brittle-star Lrotaster, the star-fish Lals&ocoma, and 
the echinoid Palseodiscus. Of the corals, a few species survived from the time of the 
Wenlock Limestone, but the conditions of deposit were evidently unfavourable for their 
growth. The trilobites are less numerous than in older groups ; they include the 
venerable Calyrnene BlumenhctclvH ; also Lhdcops cwudatus, P. co7istTictus, I\ Dowmugiie, 
Acidaspis corowatus, Cheirm'us hwiiLcro^iatus, Encrioiurus pionctatus, Lichas cmglieus^ 
Somalo^iotus delphinocephalus, H. KnighiiL and GyphcLSpis 7)iegalops. But other forms 
of arthropod life occur in some number. The phyllocarids are represented by species of 
Ceratiocaris and Xiphocaris; the merostomata by species of Eurypterus, He^wiaspis, 
PteQ'ygotus. Though hrachiopods are not scarce, hardly any seem to be peculiar to the 
Lower Ludlow rock, nearly all of the known species occurring in the Wenlock group. 
Rhynchonella ( JVilso^iia) Wi'lsom, Cyrtia {Spirifer) c^poirecta, Bpirifcr cr'Upms, /S'. 
bijicgosus, Stiwpliomeiico {^Btrophouella) euglyplm, Leptmiia rhoDiboidalis, Rhy7ichonella 
{Camarotcechia) nuciola, Atrypci retmilaris, Orhiculoidcco Mori'isii^ Lingula lata, and L. 
Lewisii are not infrequent. Among the more commonly recurring species of lamelli- 
branchs the following may he named — Gardiola interrupta, Amhonychia {Cardiola?) 
striata, Ctenodonta sulcata, Grauimysia ciiigulata, Modiolopsis gradata, M. Milssoni, 
Ortho7iota ariygdaliua, 0. rigida, 0. semisulcata, and a number of species of Pterinea. 
The gasteropods Gyclonema corallii, OmpAalotrochus {Euomphalus) alatus, Eolopella 
gregaria, Loxonema siiiuosa, and Murchisonia Lloydii are frequent, and the old genus 
Belief opJiori is still represented {B. expansus). Cephalopods abound, the genus Orthoceras 
being the prevalent type [ 0 . angulatu>m, 0 . annulalum, 0. bxdlatu^n, 0. lude^ise, 0 , suh- 
undulatum, 0. tracheale), but with species of Trochoceras and Gomphoceras. The 
numbers of straight and curved cephalopods form one of the distinguishing features of 
the zone. At one locality, near ieintwardine in Shropshire, which has been prolific in 
Lower Ludlow fossils, particularly in star-fishes and eurypterid crustaceans, a fragment 
of Gyathaspis ludexisis was discovered in 1859. This is the earliest trace of vertebrate 
life yet detected in Britain. 
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{h) Aymestry Limestone— o. dark grey, somcwluit earthy, eoiicretioiiary liiuest<.>no in 
beds from 1 to 5 feet thick. Where at its tliicke.st (from 30 to 50 feet) it foians a 
conspicuous feature, rising above the solt and denuded Lower Ludlow shales. Owing 
to the easily removable nature of some fuller.s’-carth on whicdi it lies, it has here and 
there been dislocated by large landslips. It is .still more inconstant than the Wen lock 
limestone. Though well developed at Aymestry in Herefordshire), it soon dies away into 
bands of calcareous nodules, which finally disapiiear, and the lower and upper divisions 
of the Ludlow group then come together. The organic remains at [U'esent known are 
for the most part identical with Wenlock forms. It is evident that the organisms 
which flourished so abundantly in the clear water wherein the Wenlock limestone was 
accumulated, continued to live outside the area of deposit of the Lower Ludlow 
rock, and reappeared in that area with the return of the conditions for tludr e.xiHtenec^ 
during the deposition of the Aymestry limestone. The most (diaracteristie fos.sil of 
the latter roede is the Fentcmenis Kniylitii ; other common forms arc lUiynrhinu'Ua 
( Wilsonia) JFilsoni, JMyia {TerchratiUa) navicula, Linyula LewisU, ^Iroyluntimd 
{Stroyhonella) euglypJia, Atrypa reticularis, Fterium Soiverbyi, with many of the same 
shells, corals, and trilobites found in the Wenlock limestone. Indeed, as MiU’chi.son 
has pointed out, except in the less number of species and the occurrenee of Home ni* 
the shells more charaeteristic of the U])per Ludlow zone, there is not much piiheonto* 
logical distinction between tbe two limestones.^ 

(c) Upper Ludlow Rock. — In the original Silurian district de.scribed l)y Murchison, the 
Aymestry limestone is covered by a calcareoms shelly band full of Day ici [I thy nch one lid) 
navicula, sometimes 30 or 40 feet thick. This layer is succeeded by grey sandy shale 
or mudstone, often weathering into concretions, as in the Lower Ludlow zone, ami 
assuming externally the same rusty-brown or greyish olive-green hue. ,Its haj'dor 
beds are quarried for building stone; but the general character of the deposit, like 
that of the argillaceous portions of the Up])er Silurian formations as a whole, in 
typical district of feiluria, is soft, incoherent, and crumbling, easily (lecomposing once 
more into clay or mud, and presenting, in this respect, a contrast to the hard, fls.silc, 
and often slaty shales of the Lower Silurian series. Many of tlie sandstone beds arc 
crowded with ripple-rnark.s, rill-marks, and aiinelid-trails, indicative of the shallow 
littoral waters in which they were deposited. One of the uppermo.st sandstoneH is 
termed tbe '‘Fucoid Bed,” from the number of its cylindrical seaweed-like Htems. It 
likewise contains numerous inverted pyramidal bodies, which are believed to he cast.s of 
the cavities made in the muddy sand by the rotary movement imparted by tidem or 
currents to crinoids or seaweeds rooted and half buried in it.'-^ At the top of the 
Upper Ludlow rock, near the town of Ludlow, a brown layer occurs, from a (piarter of' 
an inch to three or four inches in thickness, full of fragments of fish, FlerufjotuH, 
and shells. This layer, termed the “Ludlow Bone-bed,” is the oldest' from* which 
any considerable number of vertebrate remains has been obtained. In spite of its 
insignificant thickness, it has been detected at numerous localities from Ludlow as far 
as Pyrton Passage, at the mouth of the Severn— a distaneo of 45 miles from north to 
south, and from Kington to Ledbury and Malvern— a distance of nearly 30 miles from 
west to east ; so that it probably covers an area (now largely buried luidcr Old Red 
Sandstone) not le.ss than 1000 square mile.s in extent. Yet it appears never to exceed, 
and usually to full short of, a thickness of 1 foot. Fish remains, however, are uof 
confined to this horizon, but have been detected in strata above the originarbonc-bed 
at Ludlow. 

A considerable suite of organic remains has been obtained from the Upper Ludlow 
rock, which, on the whole, are similar to those in the sub-groups underneath. Home* 
minute globular bodies, with mternal radial structure {Fachythem), occur with other 
plant remains {Paehysporangi um, Adinophylhmi, ClmidHtes). Corals, as might be 

^ ‘Siluria,’ p. 130. 


^ Oj}. cit, p. 133. 
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supposed from the muddy character of the deposit, seldom occur, though Murchison 
mentions that the encrusting form Fmosites {Monticulipora) fihrosiLs may not infrequently 
be found enveloping shells, Cyclonema coralUi and Mxurchisonia corallii being, as their 
names imply, its favourite habitats. All the corals of the Ludlow group are also 
.Wenlock species. Some annelids {Serpidites longissimus, Cornulites serpularius^ and 
Trachydermct coriaceum) are not uncommon. The Crustacea are represented in the 
Upper Ludlow rock by ostracods {Beyrichia Kloedeni, Lepcrditia marginata, Entomis 
tuherosa), i)hyllocarids [Ceratiocaris), and more especially by eurypterids {Euryptems, 
EeiiviaspiSj Pterygotus, SUmonia, JStylonurus). The trilobites have still further 
waned in the Upper Ludlow rock, though Homalonotus KnigTitii, E'iicrinurus 
piinctatus, Phacops Downingia^, and a few others still occur, and even the persistent 
Calymene Bh^menhmliii may occasionally be found. Of the brachiopods, the most 
abundant forms in this group are Lingula minima^ L. lata, Orhiculoidea rugata, Rhyn- 
chonella ( Wilsonia) Wilsoni, Strophomena {Stropheodonta) filosa, and Chonctes striatella. 
The most characteristic laniellibranchs are Ofthonota amygdalina, Goniophora cymtaa- 
formis, Pterinea limata, P. retroflexa ; some of the commonest gasteropods are Murtlii- 
sonia corallii, PlcUyschisma hel kites, and Eolopella ohsoleta. The orthoceratites are 
specifically identical with those of the Lower Ludlow rock, and are sometimes of large 
size, Orthoceras hullahciii being specially abundant. The fish-remains consist of bones, 
teeth, shagreen -like scales, plates, and fin-spines. They include some dermal tubercules 
(Thelodus), shagreen - scales {Sphagodus), and some ostracoderms, Ceplialaspis [C. or 
Eemicyelaspis Murchisoni), Aucliencupis {Thyestis) {A. Salteri), Cyathaspis {C. Banhsii, 
OJ ludensis), and Eukcraspis {Pleetrodtcs) {E, pustuliferus). Some of the spines 
described under the name of Onclius are probably crustacean. 

{d) Tilcstones, Eownton Castle Stone, a'ud Lcdhury Shales. — Above the Upper Ludlow 
shales and mudstones lies a group of fine yellow, red, and grey micaceous sandstones from 
80 to 100 feet thick which have long been quarried at Downton Castle, Herefordshire. 
At Ledbury these sandstones are surmounted by a group of red, purple, and grey marls, 
shales, and thin sandstones, having a united thickness of nearly 300 feet. Originally 
the whole of these flaggy upper parts of the Ludlow group were called “Tilestones” by 
Murchison, and, being often red in colour, were included by him as the base of the Old 
Red Sandstone, into which they gradually and conformably ascend. They point to a 
gradual change of physical conditions, which took place at the close of the Silurian 
period in tlie west of England and brought in the peculiar deposits of the Old Red 
Sandstone. There is every reason to believe that for a long time the marine sedimenta- 
tion of Upx^er Silurian type continued to prevail in some areas, while the i)robably lacus- 
trine type of the Old Red Sandstone had already been established in others, and that 
by the breaking down or submergence of the barriers between these different areas, marine 
and lacustrine conditions alternated in the same region. The Tilestones are the records 
of this curious transitional tirne.^ 

Vegetable remains, some of which seem to be fucoids, but most of which are prob- 
ably terrestrial and lycopodiaceous, abound in the Downton sandstone and passage-beds 
into the Old Red Sandstone. The eurypterid genera still continue to occur, together 
with phyllocarids ( Ceratiocaris] and vast numbers of the ostracod BeyrieJiia {B. Kloedeni). 
Prevalent shells are Lingula cornea and Platyschisma helicites. The Ludlow fishes are 
also met with. 

In the typical Silurian region of Shropshire and the adjacent counties, nothing can 
be more decided than the lithological evidence for the gradual disapj^learance of the 
Silurian sea, with its crowds of graptolites, trilobites, and brachiopods, and for the gradual 
introduction of those geographical conditions which brought about the deposit of the 

^ On these pas.sage-beds see Symonds, ‘Records of the Rocks,’ 1872, pp. 183-215; 
<2- J. O. 8. xvi. (1860), p. 193 ; Roberts and Randall, op. cit. xix. (1863), p, 229 ; also 
the remarks made on the corresponding strata in Scotland, pj). 942, 965. 
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Old Ked Sandstone. The tine grey and olive-coloured muds, with their occasional zones 
of limestone, are succeeded l)y briglit red clay.s, sandstones, cornstones, and conglomer- 
ates. The evidence from fossils is equally explicit. Up to the top of the Ludlow rocks, 
the ahundant Silurian fauna continues in hardly diminished numbers. But as soon as 
the red strata l)egin tlie organic remains rapidly die out, until at last only the tish and 
th(^ large eiirypterid crustaceans continue to occur. 

Turning now from the interesting and extremely important, though limited, area in 
wlii,* thi! oriKiiial type, of- the Upper Silurian rocks is deyeloped, we obserye that, 
whether traced northwards or south-west- 
wards, th(i limestones disappear, while the 
soft, mudstones and shales give way to 
hard slates, grits, and flagstones. It is in 
1 )en highshire and the adjacent counties 
that this change hecomes most marked. 

The Tarannon shale above described passes 
into tliat region of North Wales, where 
it forms the base of the Upper Silurian 
formations. It is covere<I by a s(‘.ries of 
grits, Hags, sandstones, mudstones, and 
shales, which in some places are at least 
3000 feet thic.k. At their base lie the 
Pen-y-glog slates, (;ontaining ( hjrtofjraptuH 

rrhimnl MotuxjmptMH vo'nierinuffj M, 
priadoHy Itctiof Iten <j('.uiit:danus^ AcrocvJia 
htf/ftt/is, (h'thmr.ntH Si'dy ir iclcli - — an assem- 
blage which, no doubt, represents the fauna 
of the W'enhadv slnile. Ne.vt comes the 
IVii-y-ghig grit, containing phintH(Wc'm^^- 
{•tplufcuHj Pttrhyfhfnt^ and the lytjopod 
i-pl'crn'd to on p. 930/, ami followed by tlie 
.MocI Kerna slates ( Monof/raptAis p'ritfdon, 

J/. FbitiiiHjli), the Naiitglyn Hags {M. 

(htrdUiht^ i irfUtrc.ruH prinuMvum^ 0. 
iv/ifriruNi/ifi, (K further grits 

ami fine hard siliceous hands {MoiKufmptus 
ItdntininduU'.nHtH^ tin* /one, fossil at the toj> of Kig. :is:i. — Fossil scorpion (Palwaphomts mleilomcus, 
the lanver Ludlow Rock, and other organ- Hunter), Upper Hiluruui, Lesmahagow, Lanark- 
imiiH). Tl»-. hiKli.-.sl llnu.) part ..f the ^'‘ 1 "™'“'"' 

HericH may he paralh'led wiili the U]>por 

fatdlow shales J Instiaui of passing up conformably into the base of the Old Red Saiid- 
htoue, as III laullow, their highest strata are lierc ab.seiit, and they are covered by that 
formatifm uueoiiformably. They ha<l been upturned, crumpled, faulted, and cleaved before 
the de[>o.Hitiou of lluw portions of the Old Ked Sandstone (Upper) which lie upon them. 
'rhe.Ho great physical (diang(us took place in Denbighshire when, so far as the evidence 
goes, tliere was entire ijuicHcence in the Shropshire district ; yet the distance between 
the tw«> areas was not nion^ than about 00 miles. The subterranean movements were 
douhtlcHH cfuniected witli those more widely extended upheavals that converted the 
thjor of the Silurian sea <jver the area of Rritain into a series of isolated basins, in wdiich 
the I^owifi' Old Rtni SaiidHtone was laid down (pp. 981, 999). 

Up|«!r Silurian rocks appear in a succession of isolated areas from the Midlands 
Koutli-wesiwardH to the Urintol Ohanntd. Among these inlicrs special interest attaches 
to tliat of Tortwortli in tim nouth of Gloucestershire, where two bands of volcanic 

* R. Uke, Q. ./. G. S, li. (1895), p. 9. 
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materials (basaltic lavas and tuffs) point to volcanic eruptions in that district before 
the deposition of the Upper Llandovery rocks, and again before Lower Wenlock time. 
These are the latest Silurian manifestations of volcanic activity yet found in the 
British Isles. ^ . 

In Westmoreland and Cumberland a vast mass of hard slates, grits, and 
flags was identified by Sedgwick as of Upper Silurian age. These form the varied 
ranges of hills in the southern x)art of the Lake District, from near Shap to Duddon 
Mouth. The following are the local subdivisions, with the conjectural equivalents in 
Siluria : ^ — 


(5200 feet). 


Coniston Grits 
(upwards of 4000 
feet). 


Coniston Flags 
(2800 feet). 


= Upper 


Middle 
Ludlow Group 


1 


KirlrbvMoor FKo^s f Thick beds of hard sandstone, massive and concretionary or flaggy 
Hav Fell Platrs*' 4 micaceous (Phitcops Doimiingife, P. caudatus, Cemtioearis { 

1 i-^ornatits, Lingula cornea, OrtMs lionata, Orthonota amygdalina, fLudlow Group 
(^uuuieet). Eolopella gregaria, H. conica). > j 

{ Calcareous beds (Dayia navicula abundant) probably equivalent j 
I to the Aymestry Limestone. | 

Bannisdale Flags J Sandstone and Shale, with star-fishes (ProtaMer). 

' j Dark blue flags and grits of great thickness. 

I (Monograptm leintwardinensis ranges through the Bannisdale 
) Flags and M. colonus and M. Saheeyi also occur.) 

I Flags and greywacke generally unfossiliferous, but containing 
Monograptus colonm, M, bohemieus, 'M. Boemeri, Cardiola inter- 
rupta, Orthoceras angnlatum, 0. prinieevum, Ceratiocaris Mur- 
chisonl. 

Dark grey coarse flags divided by Sedgwick into stages which are n 
characterised by Mr. Marr as follows : I „ t 

Upper Coldwell Beds (lower part of zone of Monograptus boheini- v 
(nos) with ilf. Golonuhj M. Boemeri, Spirorhis Lewisii, Ceratiocaris Group 

MurchUoni, Encrinurus punetatus, Phacops StokcsU, Cardiola 1 
interrupta, Pterinca subfulenta, Orthoceras primtemm, 0. dimidi- • 
atum, 0. snbundulatmn, 0. ludense. 

Middle Coldwell Beds (zone of Phacops obtusUnudatus) with Car- I 
diola interrupUi, OHhoccras subannulare, 0. angnlatum, 0. line- \ 
atuvi, 0. inbrioatum. 

Lower Coldwell Beds (zone of Monograptus Nilssoni). j 

Brathay Flag.s (zone of Cyrtograptm Murchisoni), fossils chiefly \ 
graptolites including Monograptus priodon, M. vorn’erinus, M, I 
cultellus, Betiolites geinitzianus, Aptychopsis, Cardiola interrupta, 

^ Orthoceras primsevum. Thickness more than 1000 feet. J 

I rapper pale green and purple shales with badly preserved'^ 
o J fossil.s, 67 feet. 

^ — j Lower pale shales (65 feet) with zones of Monograptus crispus 
'Sd \ and M. turrieidatus. 

('Upper blue mudstones with two bands of black and blue 
graptolitic shale, the upper of which contains Monograptus 
spinigems, the lower M. Clingani. 

Middle blue mudstones with three bands of dark graptolitic 
shale, the highest being the zone of Monograptus convolutus 
(with M. gre^arvas, M. Clingani, Bastrites peregrinm and 
many other graptolites), the middle being the zone of Mono- 
graptus argenteus (with M. gregarhos, M. hptotheca, and ten 
other species ; Bastrites peregriiius, and three other species ; 

JDiplograptus tamariseus, D. Hughcsii, Climacograptm nor- 
malis, and other fossils) ; and the lower band being the zone 
of Monograptus Jimbriatvs, M. gregarius, M. tenuis, and other 
species; Bastrites peregrinus, Diplograptus tamariseus, Petalo- 
graptus ovatus, Climacograptas normalis. 

Lower calcareous shales = zone of Dimorphograptus confertus, 
with Monograptus revolntus, M. tenuis, Diplograptus vesi- 
culosus, &c., resting on a thin limestone with Atrypa, 

\, Jlexuosa. J 

In some places beneath these shales a conglomeratic band occurs that fonn,s 
their base and lies unconformably on Lower Silurian strata. 


J 


Wenlock 

Group. 


Stoekdale Shales 
(200-450 feet). 




= Llandovery 
Group. 


In the northern part of the Lake District a great anticlinal fold has taken place. The 

^ Professor Lloyd Morgan and S. H. Reynolds, Q. J. G. S. Ivii. (1901), p. 267. 

2 For papers on the Upper Silurian rocks of the Lake District see R. Harkness and H. 
A. Nicholson, Q. /. G. S. xxiv. (1868), p. 296 ; xxxiii. (1877), p. 461. Nicholson, op, cit. 
p. 521 ; xxviii. (1872), p. 217, ‘ An Essay on the Geology of Cumberland and Westmoreland, 
1868. Nicholson and Lapworth, Brit. Assoc. 1875, sects, p. 78. Aveliiie and Hughes, 
Geol. Survey Memoirs, Explanations of Sheet 98, S.E. and N.E. 1872. Marr, Q. J. G. S. 
xxxiv. (1878), p. 871 ; Geol. Mag. 1892, pp. 97, 534. Marr and Nicholson, Q. J. G. S. xliv. 
(1888), p. 654. 
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Skiddaw slates arch over and are succeeded by the base of the volcanic series above 
described. But before more than a small portion of that series has appeared, the whole 
Silurian area is overlapped unconformably by the Carboniferous Limestone. It is 
necessary to cross the broad plains of Cumberland and the south of Dumfriesshire before 
Silurian rocks are again met with. In this intervening tract, a synclinal fold must lie, 
for in the south of Scotland a broad tract of Upper Silurian strata is now known to 
form the greater part of the pastoral uplands which stretch from the Irish Sea to the 
1^'orth Sea. Its northern limit where it rests conformably upon and passes down into the 
Caradoc group, extends from a little south of Port Patrick north-eastwards to near Dunbar. 
The strata throughout this region have been thrown into innumerable folds which are 
often reversed. The result of this disturbance has been to compress the rocks into 
highly inclined positions, and to keep the same group at the surface over a great breadth 
of ground, so that in spite of their steep angles of dip the strata are made to 
occupy as much space on the map as if they were almost flat. Here and there, where 
the anticlines are more pronounced and denudation has proceeded far enough, long boat- 
shaped inliers of Lower Silurian rocks have been laid bare underneath the upper series 
of formations. In this way the Llandeilo volcanic group (p. 951) can be traced by 
occasional exposures for some 90 miles to the north-eastward from the Ayrshire coast, 
where it is most largely developed. By far the larger part of the Uplands is formed of 
rocks which, from the researches of Professor Lapworth among their graptolitic con- 
tents, are now known to be the general equivalents of the Llandovery and Tarannoii 
groups.’ In the central part of the region the Llandovery rocks are represented by 
greyw^ackes and shales, including the black graptolitic Birkhill shales which form two 
bands separated by alternations of grey and green shales, and are subdivided as follows 
in ascending order : — 

I' 1, Zone of Diplograptas (Lcitminatiis with Dirmrphograpt'iis elongatm ? Ji^ono- 
I graptUH attermatiM, M. tenuis. 

Lower Birkhill. -I 2. Zone of Diplograptus vesieiilosus, with Monograptus eyphus, M. tenuis. 

I 3. Zone of Monograptus gregarius^ with M. jbinhriatus] M. convolutus, Diplo- 
ic gnq)tm folium, Rastrites peregrinus, &c. 

f 1. Zone of Monograptm Clingani, with 31. annularis, M. Sexlg wield, Petalo- 

TTnriPv fh'rkhin J grcLptus cometa. 

uppei i5irKuui.-| 2 . ^ono of Monograptus spin igartis (3{. distans, &c.). 

V 3. Zone of Rastrites mmoini'us (Monograptus turriculatiis, &c.). 

The Tarannon gi*oup of the same district, consisting of shahjs, flagstones, greywackes, 
and grits, with bands of conglomerate, contains some of the Birkhill graptolites, others 
which pass up into the Wen lock series (Monograptus exiguus, M. crispus, M. wmerinus, 
&c.), and a few which appear to be mainly if not exclusively confined to this group 
(M. turriculatus, M. exigwus, M. crispus, M. pandus). In Ayrshire the equivalent strata 
present a much greater diversity of sedimentation, thick masses of conglomerate, lime- 
stone, and calcareous shale being conspicuous. In that district accordingly there is so 
marked a contrast in the abundance and variety of the organic remains, that the 
strata may be compared with the more fossiliferons deposits of the original and typical 
Silurian region. Representatives of the Wcnlock and Ludlow groups are traceable 
along both sides of the Silurian region. In Lanarkshire these strata have been 
long celebrated for the number and variety of their merostomata (Eurypterus, 
3 species ; Pterygotus, 2 ; SUmonia, 1 ; Stylonurus, 1 ; Neolvmulus, 1). They have also 
yielded the scorpion (Pig. 383) and the myriapod already referred to (p. 943). Above 
the Ludlow rocks of the Pentland Hills, Lanarkshire, and Ayrshire lies a conformable 
group of red and yellow sandstones, mudstones, and conglomerates which were formerly 
regarded as the base of the Old Red Sandstone- But the discovery in them of a 
tolerably abundant marine fauna, identical with that of the uppermost Silurian strata, 

1 See Lapworth, (^uart. Journ. Gexd. P>oc. xxxiv. (1878), xxxviii. (1882); Gtol. Mag. 
1889, pp>. 20, 59; Ann. Mag. Nat. Hist. 1879, 1880. Also the descriptions by Messrs. 
Peach and Horne in the detailed Memoir of the Geological Survey, already cited on p. 950. 
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lias led to tlieir being placed at the top of tbe Silurian series. They are probably 
equivalents of the Tilestones and Downton Sandstone. Their chief palaeontological 
interest is the discovery in them of five genera of fishes, some of which have not been 
I ! found elsewhere (p. 942). 

I The Scottish type of the Upper Silurian formations is prolonged south-westwards 

I ' into Ireland, where the Llandovery group of Birkhill has been recognised not only in 

1 Down, but in Tyrone, Fermanagh, and other counties. Evidence of contemporaneou.s 

J . volcanic action has been obtained from the Silurian rocks of the east of Ireland.^ 

I Upper Silurian rocks representing the Llandovery and Wenlock formations attain an 

I ' enormous development in the west of Ireland. In the picturesque tract between Lough 

I Mask and Killary Harbour, where they reach a thickness of more than 7000 feet, they 

I ! consist of massive conglomerates, sandstones, and shales, with Llandovery and Wenlock 

I ‘ fossils and intercalated felsites, diabases, and tufis. Again, in the Dingle promontory 

:! of County Kerry, Upper Silurian strata full of Wenlock fossils contain the most im- 

= pressive proofs of contemporaneous volcanic action ; agglomerates, tuffs, and volcanic 

I . blocks being intermingled with the fossiliferous strata, which are further separated hy 

thick sheets of nodular felsitic lavas.^ 

Basin of the Baltic, Russia, and Scandinavia.* **^ — The broad depression wbicli, running 
j from the mouth of the English Channel across the plains of Northern Germany into the 

i ' heart of Russia, divides the high grounds of the north and north-west of Europe from 

those of the centre and south, separates the European Silurian region into two distinct 
I areas. In the northern of these we find the Lower and Upper Silurian formations 

! attaining an enormous development in Britain, hut rapidly diminishing in thickness 

towards the north-east, until in the south of Scandinavia and the Gulf of Finland, they 
reach only about -s’g-tli of that depth. Along the Baltic shores, too, they have on 
the whole escaped so well from the dislocations, crumplings, and metamorphism so con- 
spicuous along the north-western European border, that to this day they remain over 
wdde spaces nearly as horizontal and soft as at first. In the southern European area, 

! Silurian rocks appear only here and there from amidst later formations, and almost every- 

where present proofs of intense subterranean movement. Though sometimes attaining 
! considerable thickness they are much less fossiliferous than those of the northern part 

* of the region, except in the basin of Bohemia, wdiere an exceedingly abundant series of 

Silurian organic remains has been preserved. 

j In Russia, Silurian rocks must underlie the whole vast breadth of territory between 

I ' the Baltic and the fianks of the Ural Mountains, beyond which they spread eastward 

I ; into Asia. Throughout most of this extensive area they lie in horizontal undistiirhed 

beds, covered over and concealed from view hy later formations. Along the southern 
! margin of the Gulf of Finland, they appear at the surface as soft clays, sands, and 

unaltered strata, which, so far as their lithological characters go, might be supposed to 
I be of late Tertiary date, so little have they been changed during the enormous lapse of 

] ages since Lower Palseozoic time. The great plains bounded by the Ural chain on the 

* i ^ A. G., Q. J. G, S. xlvii. (1891), Presidential Address, p. 150; ‘Ancient Volcanoes 

i I of Great Britain,’ vol, i. and authorities there cited. Bmnmary of Progress Qeol. Surv. 

j 1900, pp. 51-59. 

’ ^ Q. J. G. S. xlvii. p. 159, and authorities cited. Consult on Irish Silurian rocks the 

Explanations to the one -inch Sheets of the Geological Survey. 

^ Consult the works of Angelin and Kjerulf, already cited (p. 924) ; Linnarsson, ^Svensk. Vet 
Akad. viii. No. 2 ; Zeitsch. Leutsch. Qeol. Qesdl. xxv. p. 675 ; Qeol. Mag. 1876, pp. 145, 240, 
287, 379 ; Qeol. Foreningens Stockholm F'&rhmM. 1872-74, 1877, 1879. S. L. Torriquist, 
Kong. Yet. Akad. Forhandl. 1874, No. 4 ; Qeol. Foren. Stockholm Forliandl. 1879. 
Lnndgren, Neues Jahrb. 1878, p. 699. Brogger, ‘Die Silurischen Etageii 2 uiid 3 im 
Kristiania Gebiet,’ 1882. F. Schmidt, Q. J. Q. S. 1882, p. 514. J. E. Marr, Q. J. Q. S. 
1882, p. 313. A. G. Nathorst, ‘Sveriges Geologi,’ Part. i. 1892, and papers cited below. 
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east, by the uplands of rinlaiid and Scandinavia on tbe north, and by the rising grounds 
of Germany on the sonth-west, have thus from a remote geological antiquity been 
exempted from the terrestrial corrugations that have affected so much of the rest of 
Europe. They have been alternately, but gently, depressed as a sea-floor, and elevated 
into steppes or plains. But along the flanks of the Ural Mountains, the older Palteozoic 
rocks have been upheaved and placed on end or at a high angle against the central 
portions of that chain ; and, according to the observations of Murchison, Keyserling, and 
De Verneuil, have been partially metamorphosed into chlorite-schists, mica-schists, 
quartzites, and other crystalline rocks. To the north-west also, over a vast region in 
Scandinavia, they have been subjected to gigantic displacements and great regional 
metamorphism (pp. 693, 798, 925). 

Taking first their unaltered condition, we find them well exposed along the southern 
shores of the Gulf of Finland, in the Baltic provinces of Russia, where, according to F. 
Schmidt, they form with the Cambrian groups below them one continuous and con- 
formable series, capable of arrangement as in the subjoined table : ^ — 




f stage K. Upper Oesel Zone (50 or 60 ft. = Ludlow Group) — grey limestones 
and marls, yellow limestones : Spirifer elevatus, Ghonetes stricLtella, 
Bey rich id tuhercAdata^ Pterinea retro ftexcc ; an abundant eiirypterid 
fauna and fish remains [Onchus^ Theloclus). 

, I. Lower Oesel Zone (50 ft. = Wenlock) — chiefly dolomites with marls : 

Ortliocents annulatwn, Omphalotrochus glohosits {Euomphedus 
fmiatiis), Spirifer crispus, Orthis elecjmitula^ Plectamhonites 
{Leptsena) transversalis. 

, H. Pentamerus-estlionus Zone — in the east, dolomites ; in the west, grey 
coral limestone, with J^entanierus estkonus {oUongus), iSyringopora 
bifiiTcata, Favorites gotlandica^ Jlaly sites (5 sp.). 
f 3. Raikiill Beds (100 ft.) — coral-reefs and flagstones: Leperditia 
I Keyserlingii^ Phacops degans. 

I 2. Borealis Bank (40 ft. — consisting almost entirely of agglomerated 
G. shells of Pentamerns bwmlis. 

1. Jurden Beds (20-30 ft.) — thin calcareous flagstones and marls : 
Leperditia IHsioigeri, Orthis Daridsoni, Strophoniena [Ortlio- 
thetes) pecten, lihynchonella q finis. 

F. (1) Lyckholm and (2) Borkliolm Zones (100 ft. = Middle Bala or 
Caradoc), contain the most abundant fauna of all the stages : 
Phacops {Ghasmops) macrouray Cheirurus octolobcctus, Encrinwms 
'nmUisegmeritatuSy Bellerophon hilobatus, hStrophomena expansa, 
Orthis respertiUo, 0. Actmiue, O.irisutaris. The limestones of this 
jdatform are in great part formed of calcareous algoe {Jihahdoporella). 
K. Wesenberg Zone (30 ft. = Bala or Caradoc) — hard yellowish lime- 
stone, with marly partings : Plectamhonites {Leptxna) sericea, 
Strophomeiia deltoidea, Orthis testudinarirq Phacops NieszkoiosJdi, 
P. wesenberg en sis, Bncrinurus ^eehuchi, Cyhele hrect.eauda. 

D. Jewe Zone (100 ft.), consisting of a lower or Jewe Vjand and an upper 
or Kegel l)aiid : Gheirurus pseudoheniicratmm., Ileinicosmites ex- 
traneus, Lichas deflexa, L. illfenoides, Chasinops buccidenta, 
Strophcmiena A smusiL 

f 3. Itfer Beds (20-30 ft.) — hard limestone with siliceous concretions ; 
fauna nearly same as in C. 2, hut with some peculiar trilobites, 
and some forms belonging to Stage D. 

2. Knekers Shale (Brandschiefer), consisting of bituminous marls and 

^ 4 I limestones (30-50 ft.) : Phacops exiUs, P. {Ghasmops) Odini, 

C. -{ ■ Cheirurus spvmdnsus, Pleurotomariaelli 2 Jtica,Porambo'nitestere- 
tior, Orthis lynx, Echinosph sprites {Bchinosphmra) aurantium. 
1. Ecliiuosphaerite Limestone, &c. (20-60 ft. = uppermost Orthocera- 
tite Limestone of Sweden ) — Echinosphwrites aurantium,, and 
Orthoceras regulare are the most characteristic fossils, with 
numerous trilobites. 


^ Mem. Ac. Imp. St. PUersb. (7) xxx. (1881), No. 1 ; Q. J. G. S. xxxviii. 1882, p. 514 ; 
Meues Jahrh. 1893, i. p. 99. 
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stage B - 

L I 


3. Ortlioceratite (Vaginateii-) Limestone (3-30 ft. = Ortlioceras 
limestone of Scaiidma-via) — ^liard grey limestone crowded with 
Orihocerccs commutie and 0. raghLatmii ; also Phacojts sclerous, 
Cheirurns omatus, AsapJws hems, Ampyx nasutus, kc. 

2. Grlaiieonite Limestone (12-40 ft.) — Megalaspis planiHmlmta, 
CheintT’iLS damifrons, Asajahus expansus, Poo'cmbonites reticu- 
latm, OrtJmpdTva. 

1. Glauconite Sand (Greensand), lying directly on tlie Cambrian 
Dictyoneraa shale (1-10 ft. = Geratopyge Stage of Scandinavia) 
— Oholvs siluncns, Mphonotreta, IJnfj'ida; “conodonts” of 
Pander. 


Fossiliferous Silurian strata must extend across the vast territory of N'orthern Russia, 
for they not only occur in the Ural Mountains but have recently been found by ^fansen 
along the shores of the Yngor Strait in the Kara Sea, where they include brachiopods 
(among them the widespread Fhctmibonites (Leptmia) sericea, and species of Oriliis and 
BtrophommcC) also trilobites (^Megalaspis, Asaphus, Lemopleurides), indicating probably a 
horizon equivalent to that of C. 1 ain the Baltic provinces, or Stage i a, a in Norway.^ 
In Scania, the Silurian series has been subdivided into graptolitic zones as in the 
subjoined table : ^ — 

^ f A. Upper Group ^ — Cardiola shales, with limestone and sandstone. 

B. Middle Group, with the following zones in de.scending order : {a) Cyi'to- 
^ graptns Carmthersi ; (6) C. rigid%s; [c)C, Murelmimi; [d) MonograpUis 

m ^ ricc(OTioiieiisis ; {e) Cyrtog. Lapworthii; (J) 0. {?) spiralis ; (^) 0. Grmjx. 

^ I C. Lower Group, composed of the following zones in descending order : (ff/) 

I Momgmptus mneta; (6) Grey iinfossiliferous shales ; (<?) Cephalograpius 

( cometa ; (d) ACon, leptotheca ; [e) J/. gregarius ; (/) M. cypJms. 

(T). Upper Group, composed of the following zones in descending order: (a) 
.Diplographis, sp. ; {h) Phacops mncroiiata ; {c) Staurocephalus dccvi- 
/rons; (d) Unfossiliferous marly shales; [e) Niohe lata; (/) Uiifossili- 
ferons shales ; {g) Diplograptus qaadrinvmronatus ; (h) Trimicleus, sp. ; 

(i) Calyniene dilatata ; (fe) Unfossiliferous .shales. 

[ E. Middle Group — Graptolite shales, with zones of (a) Clinacograpkis nigostis : 

(h) Q. styloideus ; (c) Black unfossiliferous shales ; [d) Limestone band, 
with Ogygia, sp. ; (e) Dicranograptus Glingani; (/) Climacograptus 
Vasfe ; {g) Unfossiliferous shales ; {k) Coenograptm gmcilis ; (z*) Thin 
apatitic band : {k) J Hplograptus putill%s ; {1) Olossograptus ; (m) Gyomio- 
graptus Linnm'ssmi; (rd) Olossograptus) (o) Didymograptus geminvs 
(^Murchisoni). 

F. Lower Group, compo.sed of the zones of {a) Phyllograptus, .sp. ; (Jb) Ortho - 
ceras limestone ; (c) Tetragraptus shales (lower graptolite shales) ; (gd.) 

I Geratopyge limestone. 


Pi 

P 


The island of Gothland has long been celebrated for its development of U[)per 
Silurian rocks, which are there more fully displayed than in any other part of the Baltic 
hasin. According to Linclstrom ^ the following subdivisions of them may be made : — 


■Tij 


f H. Ceplialopod and Stromatopora- Limestone (20-30 feet) with Phragmoceras, 
Ascocem^, Glossoceras. The ^trormtopom forms a reef like a modern 
coral-reef. 

G. Megalomus- Limestone (8-12 feet) with Cyrtodonia [Alegalcmus) gotlandmis, 
Triimrdla. 

F. Crinoidal and Coral conglomerate (20 feet), a limestone made up of stems 
j of crinoids, corals, and other fossils. Among the crinoids are species of 
j Grotalocrimts, JEnallocrinus, Ban'audeo&rinus, Cyathocrinm ; there 


^ J. Ki®r, in Nansen’s ‘ North Polar Expedition,’ iv. No. xii. (1902). 

^ S. A. Tullberg, ‘Skanes G-raptoliter,’ Sverig. Geol. Undersoke^i. ser. C. No. 50, 
1882-83. 

^ A full list of the fossils of the highest Upper Silurian deposits of Scania is given by K. 
A. Grdnwall, Geol. Foren, Siockhohn, xix. (1897), p. 188. 

^ JHeues Jahrb. 1888, i. p. 147, and P. Schmidt, op. cit. 1890, ii. p. 24:9. Murchison, 
Q. J. G. S. 1847. H. Muuthe, JSverig. Geol. Pndersohv. ser. C. No. 192 (1902). 
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occur also Spirif&r Schmidti, Pentamerus concJiidiwn, This band lies 
somewhere about the horizon of the Ayiiiestry Limestone. 

E. Pterygotus-clay or marl (1-2 feet) with abundant fragments of Fterygotus 
I, osikensis, also Pluisrjccnocaris, Strophomena, Eatonia, Conularia, &c. 
f E. Limestone, oolite and marly bands (50 feet) "with numerous lamellilDranchs ; 
species of Pterinm, Avicnloyecten-, and Gimmiysia, also Orthis basalis, 

A 0. hiforata, and .-1 trypa, Aiigelini, Lichas, Gyclooiema delicatulum, &c. 

^ , C. Younger marly shales and sandstone (100 feet), with a lax^e and varied 
g ’'i assemblage of fossils like those of the Weulock Shale {Phcoco^s Dowmng'iie, 

^ P. m.lgaris, Hoiiuilonotus Knighti, Strophomencc eughjpTia,, Orthis hiloba, 

I Strophomena Waloustedti, Rhynchonella Wilsoni, Orthoceras anmilatimi^ 0. 

L gregarimn, MonagrapUts ludmsis, M. colonus, Retiolites geinitzian'iis, &c. 

' B. Strickl andinia-inarl ( 8 feet) with Heliolites, Plasmojpora^ Ilalysites, Eronteus 
2 d({tyactin, Oalynmze ^cq)illosa, C.frontosa, Orthis Da'vidsoni, 0. lovSniy 
and especially the abundant StricMandmia lirata. 

A. Older red nearly shales (thickness unknown) with some 40 species of 
fossils, among whicli are Favosites gotlandiccc^ F. Forlesi, Ilalysites^ 
Plasmojpofcc^ Arach'nojihy^ium dijUuens, &c. 

In the Christiania district, the following subdivisions in the Silurian formations 
have been established : — 


Stage 8 . 


4. 


y. Compact grey, often bituniinous limestone, with abundant 
Orthoceras cochleatmn. and Chowtes striatella. 

(3. G-rey, somewhat bituminous limestone, with shales and clays. 
a. Fissile green or grey marly shales containing the last grapto- 
lites. This and the two overlying members have a united 
depth of 835 Norwegian feet at Bingerige. 

Stages 6 & 7. Coral limestone and Pentamerus limestone, 
f Stage 5. Calcareous sandstone, with Rhynolumelladiodonta and shales (Brachio- 
pod-shales), 150 to 370 feet.^ 

Shales and marls, with nodules aud short loeds of cement-stone {Tri- 
miclms^ Chasmops), 70i) feet. 

Graptolite shales. Limestone in two or more liands (Orthoceras-, 
Asaphus-, Megalaspis-limestone), 250 feet iu places, resting upon 
the alum-shales of the Primordial zone. This stage has heea sub- 
divided by Brdgger as follows : — 

3 c 7 . Or^/ioccms-liinestone, 8 to 13 feet. 

3 c jd. Expansus-shiil^s, 10 to 15 feet. 

3 c a. MegcdaspisAim&sXoiie^ 3 to 4 feet. 

Phijllograptiis-AioI^H, 3 to 80 feet. 
ay. Cer atopy geAimtatom^ 3 to 5 feet, 
j 3 « /3 Cendopyge-^siX&A, 3 to 23 feet. 

[3 a Sy'iwphysarus-iiiiolii, oxid lime.stoue, 1 to 20 feet. 


3. 


3 c 


3 h 


3 aJ 


Beneath these formations lie the zones of Olendlus (1 b), Paradoxides (1 c, d) and 
Olenus (2 a-d) of the Camhrian system already referred to (p. 924). The fossils of the 
three sub-groups that make up group 3 a form the Euloma-Niohe fauna (p. 922), and axe 
probably equivalent to the Tremadoc group of Wales. The Ihyllog7'a2otus-s\i3leB (3 h) 
are crowded with Arenig graptolites. 

In the great band ofolderPalffiozoic strata which has been already referred to as stretch- 
ing for a long distance through the heart of the Scandinavian peninsula, the recognisable 
Cambrian zones are followed in Jenitland by representatives of the Lower Silurian sub- 
divisions of Southern Sweden and Norway. The Olemis group (p- 924) is covered by 
the Thyllograptiis-shuhs (3 h], with species of Tetragraphis, DidymograptuSj Phyllogrcopt'as 
and other genera. These strata pass under the Orthoceras-\uxie^tm% in which can he 
recognised the zones of Megalaspis limbata (3 c a), Asaphics expaoisus (3 c, j9), Ifegalaspis 
gigas, and Asaphots plcctyuras (3 c 7 ). Next come some black shales with Chmitrus, 
Ogygia^ Tmiude%s, Plsenios, (Ihas 7 nops, &c. ( 4 ), followed by grey sandstones 


^ This stage has been the subject of detailed study by MCr, J. Kiser. Videnskah Hcrijt, 
Christiania, 1897, No. 3 ; Norges, GeoL UndersSg. Aarhogfev 1902. 
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and shales witli brachiopods, Encriri'wriis, Ampyu'., AEglina, &c. (5), probably the upper- 
most division of the Lower Silurian forniations. It is interesting, however, to note that 
the lower portion of the Upper Silurian series has also been detected in Jemtland, where it 
is represented by a dark Fentameriis-limesione with numerous fossils lying on a (quartzite 
containing PJmcops, and by some upper shales full of graptolites {Cyrtograptus, Liplo- 
graptus^ Eetiolites) and a number of species of Monogmptus (J/. disms, Flemi7igi%jacuhi7ii, 
lohifer, priodon, toHilis, 

When the ground along the western side of the Scandinavian axis is examined the ' 
older Palfeozoie strata present a remarkably different development from that of the 
southern part of the peninsula.^ In the Jemtland region jnst noticed it can he seen that 
the lithology of the formations was even originally very different, and that within 
that region great variations in the nature of the materials can be traced. These initial 
divergences, however, have been greatly aggravated by subsequent regional meta- 
morphisin. According to the researches of Kjerulf, Dahll, Tdrnfehohm, Brdgger, Eeuscli, 
and other geologists, vast masses of quartzite, mica-slate, gneiss, hornblende-schist, clay- 
slate, and other crystalline rocks can be seen reposing upon recognisable Silurian strata 
in numerous natural sections. As an example of this structure the subjoined section is 
taken from the Hardanger district as observed by Briigger — 


5. Various crystalline scliists, hiilleflint, mica-schist, horn- 
blende-schist, gneiss, <&c. .... rSOO metres. 

4. Greyish green phyllite ..... 220 ,, 

3. Impure marble . . . . . . 10 ,, 

2. Quartzite (“ blue quartz ” ) . . . . 40 ,, 

1. Ahim-slate . . . . . 45 to 50 ,, 

Pre-Camhriaii granites, giieisse.s, and other cry.stalline .schists. 


The alum-slate has been changed by regional metamorphisin into a glossy bluish -black 
puckered phyllitic material, but shows in its upper parts layers containing recognisable 
JDidyogmptus flahelUfornfiis. There cannot therefore be any doubt as to the position of 
tliis hand in the stratigraphical series. The quartzite retains still much of its original 
character as an ordinary siliceous sandstone, and may he taken to be an equivalent of the 
lower part of Stage 3 of the Christiania district The marble is probably an altered 
orthoceras-limestone (Stage 3 c). The pihyllite (4) has originally been a shale, perhaps 
that of Stage 4. The halleflint rocks at the bottom of the overlying gneisses were no 
doubt originally felspathic sandstones (sparagmite) ; the hornblende-schists were, per- 
haps, partly marl -slates, partly highly basic igneous rocks ; the mica-schists are for the 
most part highly altered shales. These overlying crystalline schists, like those of the 
Scottish Highlands, may not only consist of metamorphosed Cambrian and Silurian 
sedimentary formations, but may not improbably include also portions of different 
pre- Cambrian systems which, together with the Palaeozoic strata, have been subjected 
to such gi’cat disturbance as to have had a new crystalline structure superinduced upon 
them. Enormous displacements and lateral thrusts have driven the crystalline rocks 
over the fossiliferous strata, as in Scotland, but the details of this structure, •which lias 
been long recognised by Tbrnebohm, have still to be worked out. As regards the date 


^ C. 'Wiman, Jiull. Geol. Inst, XJpscdcc, i. jSfo. 2, 1893. 

See Dahll, Eorh. VedenskSelskah, Christiania, 1867. Kjenilf, ‘ Norges Geologi,' 1879. 
Tornebohm, Mhomg BrnnsTc, Akad. Eandl.i. No. 12 (1873) ; OeoLFor. Stockholm, vi. (1883), 
p. 274 ; xiii. (1891), p. 37 ; xiv. (1892), p. 27 ; JYoiuro, xxxviiL (1888), p. 127. Brdgger, 
‘ Die Silurisch. Etage.’ p. 352 ; ‘ Lagfblgen pd. Hardangeividda,’ JSforg. Geol. Undersog. No. 
11 (1893). Pettersen, Tronso Muse-ums Aarsheft, vi. (1883), p. 87. F. Svenonius, N’e'iics 
Jahrb. (i.) 1882, p. 181. l^'athorst, ‘Sveriges Geologi,’ p, 141. 

The overlying gneisses, &c. in this section, as already stated, are now admitted to have been 
thrust over the Cambro-Siluiian strata, which acted as a kind of lubricating material that moved 
relatively both to the older roclcs above and below. See p. 798 and authorities there cited. 
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important to remember that, as 
tL erv f ?r ^ ^ Ur.per Silurian fossils have been found by Reusoh at Bergen in 
the crystalline sehists themselves, as well as in the limestones intercalated in and nnder- 

liZl ! T™; limestone lenses among the 

g em schists aiound f,u itelma m the heart of the central mountains of the peninsula.' 

»t t principally of Gosselet and Malaise have demon- 

strated hat a considerable part of the strata grouped hy Dumont in his “Terrain 
lihenan, ami generally supposed to be of Devonian age, must he relegated to the 
Sihn-ian senes - ll.ougli almost concealed by younger formations, the Silurian rooks 
that arc laid bare at the bottom of the valleys of the Ardennes can he paralleled in a 
general way as under ; — 



Equivalents ol tlie Ludlow rocks seen in tke valley of the Eaette 
> to«tweeii_ hosse and Maloiiue, containing Mo^iograptus colomis, M, 
RdiohU^'i gmiUziamcs^ Ofthocems, Gardiola, internipta^ 

Brown sandy shales of Naiiinne, witli Cyrtogfa,])tus MurchisouL 
jHiyno(jTCt.pf.UR huJmm()n,% Jf. Jd^ilssoni, }[. prioclon, M. wmerinm^ 

_ f/PA,nitzi(v%u intc't'rupta^ Orthocercts^ kc,. 

Quartzites and .saiidstoiies of Graiid-RIanil, with Monograpfns holie- 
^ mr.m, M. galae.nau'.^ AC gjrlodon, Ad, -proteus, Af. subconims. 

^ Shales overlying the eurites of Grand-Maiiil, and containing Cliniaco- 
graptus 'iwruialis^^ 0, rec.tmgularis, Dimo'rphograptus ehngatus, 
l>. tSi('(iiist<nu , JJiplogi’apl'UR 'luodcfftits, Adonograptus g 7 'eg(i 7 'ius, Af. 
, h'pf.afjMMy Af. tnjmis. 

'/SrJiisf.rH (le Oentblaux ; pyritcns Llack and greenish shales, ■which at 
(Traiid-Maiiil, in the valley of the Orneau, have yielded Calgmene 
vu('f’7i(i, fl niiucleAis sef/icoTiivi, Illosnus Rowifian'iii, £ell6ropho/i 
hdohatiis, Leptaina {Stro^ihimena) TlioRihoidalis, Of this testudinaria^ 
(K r('s2>e7iiliOy 0. ('aUigramua, O. Actoniee, Climacogrccptvs ccmdahiSy 
, (J. Rtij/oideus, <!/. and many more. 

The horizon of the Llaiideilo rocks is doxibtfnlly represented at Sart- 
Berriard, 

/’Graptolitic shales, with ClCmcogmpt'Us anUnncvrius, 0. Scharen- 
J hergi, J)i.r.h(>gmj)tns oUohrachiatm,, Didyiiiograptm Afurchisonif D. 

1 ‘iKitiiifi,, Di/dofjraplufi foHaciiu.% D. tri(X>r}iis, Phgllographis angusti- 
l. /idm% I\ typ-VH., 'Id ragraptns brifonoides, &c. 

Upper Cainhriaii horizons are re])resented at Spa and elsewhere by 
Di (di/oii fi/Ht, social f.. 


Tile isiluriaii rocks of Belgium comprise several conteinporaneoiisly erupted masses 
of f>orphyrite and of diabase, as well as beds of porphyroid, arkose, and eurite. 

Silurian rocks have h(!cn detected in many parts of the old Paheozoic ridge of the 
north-west of Fraiuje. Tlie order of siiccessioa in Ille-et-Vilaine is as under \ — 

^ H. Sjogren, (fcM. Faren. A^locJkhiduhiK'x.W. (1900), p. 105 ; P. J. Holmqiiist, Srerig. Geol 
Undersok., m\ C. No. 185 (If^OO), 

“ Gosselet, ‘ Esqui.sse Gcologique du Nord de la France^ p. 34; ‘L’A^rdemie,’ d/ew. 
Carte Geol. Irance. (1888), p. 187. Mourlon, ‘GcoL de la Belgique,’ p. 40. Malaise, Adem. 
Cmtfo'iifz. Acad. Hoy. jneh/lque, 1873 ; Bull. Accul. Jloy. Belg. xx. (1890), p. 440 ; xxxiii. 
{1S97), No. 6; Ctmpjt. rnuC. Congr. Geol. Biternut. Paris., 1900, p. 562. C. Barrois, 
Aun. Soc. QdoL Ford, xx. (1892), p. 75, with references to the literature of French Silurian 
geology- 

Pull lists of Silurian fossils from Belgium are given by Malaise in the p>aper of 1900 
above quoted. 

‘‘ Be Tronielin and Ijobesconte, X. O. F. (1876), p. 585; Assoc.. Pra7p (1875) ; Bull. 
*H()C. Jatih. HomuL'iidie (1877), p. 5. See also Dalimier, ^ Stratigraphic des Terrains primaires 
dans la pre.squ’ne de Cotentin,’ Paris (1861) ; B. >8. Q. F. (1862), p. 907. De Lapparent, 
Ji, N- G. F. (1877), J). 5 CO. Barrois, A tm.Pioc. GhLIdord, iv. vii. xix. (1891), p. 134; xx. 
(1892), pp. 75-193 ; /;. X. a. F. (4) i. (1901), p. 637 ; Bull. Cart. Giol France, No. 7, 1890. 
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The existence of the Ludlow formation in Brittany is indicat(Ml by 
graptolites, particularly by the disappearance of CydotjmptMH and 
the predominance of the Mo)io(jrajyt.\is colmms type. 

White limestone of Erbray {C(ilym>ene JUumenhachil, Ifarjics irtuifosu.s). 

Ampelitic (carbonaceous) limestone of Briasse {Mimograptus prux/iup 
M. Jlismgeri, M. colomis, M. voviermtcs, M. jacul'inn). ^ ^ ^ 

Sandy and ferruginous nodules of MartigmbFerchaud, Thourie, &c. 
(CarcUola mten'uptciy Monogrcqdiis' priodon). The presence ol the 
Wenlock group among the strata that underlie and have been over- 
thrust above the Coal-measures in the Pas de Calais, has now Ixseii 
demonstrated by fossil evidence, these strata having been formerly 
regarded as belonging to the Carboniferous limestone.^ 

Ampelitic (carbonaceous) shales of Poligne {Monograplvn minmiB, M, 
Halli, M. priodon, M. jaanlnm,, M. miwlutuE, d/. continent, 
Diplograptus pedmeus^ Pekdograptus folium, Retwlites geindzi^ 

Phtanites of Anjou [Monograpitns convolutm, M. cmiularh, M. loht - 
feruSj M. sublohiferus, M. Sedgwicki, M. cyphvs, M. enspus, A/. 
Qlmgani, Petalograptus folium^ Diplograptus llaghrsi, Itastrifas 
peregrinus, R. Linnasi). 

Slates of Riadan (THnucleus Pongerardi). 

Sandstones (Gres de May, Thourie, Bas-Pont, Saint Germain de la 
Bouexiere, &;c.), containing Trinucle,us Goldfussl, Calymene Pa yam, 
Orthis redux, 0. hudleighemsis, 0. pulvinata, 0. ralpyana, <>. 
Berthosi, jSl'udeospira VicMryi, Lingida Alorierei, Pseudam( lypa, 
Diplograpdus foliaceus, D. angustifolius. 

Slates of La Couyiire (Orthis Berthosi). ^ 

Nodular shales of Guicheii, &c. (Calymene Tristan i, Placoparia. Toar- 
neminei, Acidaspis Buchii). 

Slates of Angers {Ogygkt Desmaresti, Didymograpius Marchisani, D. 
euodus, J). nanus, D. furdllahcs). 

Shales of Laille and Sion {Placoparia Zippei, Asaphus Ouetlardi, Ilya- 
tithes cinctus, and Dktyograptus). 

Arniorican sandstone (Gres Armoricain),^ containing ///if BUnfutcH, 
Asaphus arinoficanus, Lingula Lesueuri, L. IlawkeM, />. tSalicn, 
Dinobolus BrimonUy Lyrodesvici armorieana, Actirwdonta, (Iteiw- 
donta, Redonia, &c. 

Red shales and conglomerates without fossils. 


An interesting series of diabase -lavas and tuffs is interstratified in the Middle ainl 
Upper Silurian series of the west of Brittany.'^ 

In NTormandy, where the first French graptolites were found, some of the Hjxscies 
characteristic of the uppermost groups of Brittany have been obtained. Silurian foHBilg 
have also been detected southwards in Maine and Anjou, and still more alnuidiintly 
from the ridge of old rocks which forms the high grounds of Languedoc, whert? the 
following section has been determined.'* 


Shales and ampelitic orthoceratite limestones (200 metres) in two stages, the ujjpcr 
of which contains A'lonograptus hohemicus, AI. colonus, AL Roerneri, i/, W//#« 
so7ii, and represents the Ludlow rocks ; while the lower, with A /rlhnsina 
Koninckii, Alonograptus priodon, var. Flemingii, is equivalent to the Wenlock 
group. 

Alternations of shales and white cystidean limestones. 


^ Barrois, Ann. Boc. Giol. Nord, xxvii. (1898), pp. 178, 212. 

^ For the fauna of this important rock see Barrois, Ann. Soc. Qkd. Ntml, xix. (1891), pp. 
134-237. 

Barrois, Bull. Oart. Giol. France, No. 7, 1889. 

* Rouville, ‘Monographie Geol. de Cahrieres, Herault’ (1887). Bergeron (* J^tude Geol. 
du Massif ancien au sud du Plateau Central’ (1889). Barrois {Ann. Boc. GioL Nrml, xx. 
(1892), pp. 75-193) discusses fully the distribution of graptolites in the Silurian districts of 
France. F. Freeh, Zeitsch. Deutsch. Geol. Ges. (1887), p. 360. 
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Shales with Orthis Actonim. 

(jri'ewi shales with concretions (gateaux) formed around large trilobites, Asaphus 
Illwnus Lebescontei^ iJidymograptus enodits. These strata are prob- 
ably of Llandeilo age. 

Sand.^oue and grit like the C4res Armoricain, about 50 metres thick, contaiiiiuo- 
Cruzuint(y V exillum.^ Lingula Lesu&uri^ jbinoholus Brimonti. 

Shales with calcareous nodules (150 metres) containing Bellerophon Oehlerti 
Agnojstas, (Jalyonene, Jllmnus, 2fegalaspis, Bidymograptus halticus, D. penna- 
tnlns, JJ. ndidas, Z>. hifidus, D. indmtus^ Tetfcigraptus serra^ T. gitadri- 
hradiuttus. These strata and the overlying sandstone represent the British 
Arenig rocks. 

Researches in the Pyrenees have revealed representatives of the Lower and Upper 
Silurian lonnations. The Lower division contains in its upper part a characteristic 
assemblage ot Caradoc tossils, while the Upper includes a large series of strata, which 
from their graptolites may be paralleled with the English and Scottish Ludlow, Wenlock, 
and Tarannon groups.^ Three zones with Monograptus vomeriniis, M. Bechi^ and M. 
crassm are well developed, and are compared by Dr. Barrois with the British zones of 
liantrites Monograptus cxiguus, and Qyrtograptus Graysa respectively. The 

same observer remarks that the.se graptolitic faunas of the Pyrenees present more resem- 
blance to others found in the south of Europe than to those in the original typical 
regions of Britain and Scandinavia. The specilic types are generally the same as those 
of Bohemia. Silurian rocks have been recognised at various points on the Iberian 
tableland, a lower quartzite, with Cruziana, Lingula, kc., being surmounted by shales 
containing Calyynene Trlstanl, &c. Graptolite- bearing schists occur in the province of 
Minho in the west of Portugal.^ In the north-east of Spain the several formations of 
the Upper Silurian serie.s have now been determined by means of their graptolites to be 
developed in Catalonia : (1) the white shales of Can Ferres representing the Llandovery 
group ; (2) tlie black ampelitic and pyritous shales of Camprodon, the Tarannon; (3) 
the arnpelites of Gracia and Santa-Cren de Olorde, the Wenlock; and (4) the black shales 
of Cervollo, the Ludlow.** 

Central and Southern Europe. — Reference has already been made to the remarkable 
fact in the Paheozoic geology of the European continent that while the general facies of 
the fossils continues tolerably uniform in the north-west and north throughout the 
Silurian territory first described, that is, from Ireland across the Baltic basin into 
Russia, a great contrast is to be noted between this northern facies and that of central 
and southern Europe. It is in Bohemia that this contrast is most strikingly presented. 
Out of the many thousands of species obtained in that country very few are found also 
in the north. Among the forms common to the two regions graptolites are especially 
prominent, more than a dozen of the characteristic Upper Silurian species of Britain 
being also found in the southern i)rovince.'^ 

In the important Silurian basin of Bohemia,® so admirably worked out by Barrande, 
the formations were grouped by him as in the subjoined table : — 


^ Caralx), ‘ Etudes gi'ol. sur les hunts >la.ssifs de.s Pyrenees centrales,’ Toulouse, 1888, 
p. 453. J. Roussel, ^ Etude Stratigraphique des Pyrenees,’ Bull. Carte. GeoL Fratice^lso. 
35 (1893). 

Barrois, Ann. Soe. G^oL Nord (1892), p. 127. On the Silurian rocks of the Asturias 
»ee Barrois, Alum. lioc. (Mol. Ford, 1882. 

^ J. F. N. Pelgado, Cortvm. Trabal. Geol. Portugal, II. fasc. ii. (1892). 

^ Barrois, B. S. U. xxvi. (1898), p. 829 ; i. (1901), p. 637 ; Ami. Soc. GM. Nord. xix. 
X). 63 ; XX. p. 61 ; xxvii. (1898), p. 180. 

Marr, J. G. B. 1880, p. 603. 

^ See Barrande’s magnificent work, ‘ Systeme Sihirieii de la Boheme.’ F. Katzer, 
‘Geologic von Bohineii,’ 1892, p* 791. J. E. Marr, Q. J. G. S. 1880, p. 591. F. Freeh, 
Neues Jahrh. ii. (1899), p. 164. J. J. Jahn, Jahrb. K. K. Geol. ReieJmnst 1898, p. 207. 
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f Stage Shales ^vith coaly layers and beds of quartzite 
(Phacops Jecundus, Tentaculites eleffcms), with 
species of Leptsina, Oi'thoceras, Lituites^ Go 1 1 icctites. 


&c 850 ft. 

,, G. Argillaceous limestones with chert, shales, and cal- 
careous nodules ...... 1000 ,, 


Numerous triloMtes of the genera iJcUinanites, 
JBro7iteus, PJmco 2 ^Sy Proetns, Hai'pes, and Cccly- 
rneue; Atrypci reticulm'is, Pe-ntanuriis Unguifer. 

„ F. Pale and dark limestone with chert. Ilarpes, Zichaf,\ 

Phacops^ trypiL •reticularis, Pentcmerus galeat'us, 
PctvosifA>.‘t gotlmiilim, F. fibrosa, TentacuUtes. 

„ E. Shales with calcareous nodules, and shales resting 
on sheets of igneous rock (300 ft,), lying with a 
slight unconforrnability on the group below 450 900 ,, 
A very rich Upper Silurian fauna, abundant 
cephalopod.s, trilobites, Ealysites caten'idaria, 

I gi'aptolites in many species, such as are found in 

the Birkhill group of Britain. 


,11 

l 


(S'! 


|(S 


D. Tellow, grey, and black shales, with quartzite and 
conglomerate at base, divided by Barrande into 
five hands numbered T)dl to D^f5, the first being 
further separated into three members a, j3 
and 7 . Ddl a and jS may perhaps be paralleled 
with the Welsh Tremadoc group, 7 with 
the Arenig rocks, J)d 2, 3, 4, and 5 with the 
Bala-Caradoe rocks .... . . SOOO , , 

Abundant trilobites of genera Tdwaclms, 

Ogygia., Asaphns, IllfBuns, B.cmoplmrides, kc. 

C. Shales, sometimes with porphyries and conglom- 
erates 300 , , 

Pamdouvides, EllipsocepJudus, AgnosfAis, Arion- 
(dlus, and other genera of trilobites referred to 
above {ante, p. 928). 

B. Grits, shales, and conglomerates. 

A. Green schists, grits, breccias, tuffs, and bornstones 
resting on gneiss. 


Small though the area of the Silurian basin of Bohemia is (for it measures only 1 OO 
miles in extreme length by 44 miles in. its greatest breadth), it has proved extraordinarily 
rich in organic remains. Barrande lias named and described several thousand species 
from that basin alone, the greater number being peculiar to it. Some aspects of its 
organic facies are truly remarkable. One of these is the extraordinary variety and 
abmi dance of its straight and curved cephalopods, of which 18 genera and two sub- 
genera, comprising in all no fewer than 1127 distinct species, were determined by 
Barrande. The genus Orthocerocs alone contained in his census 554 species, and 
Gyrtocerds h.Q.d 330.^ Of the trilobites, which appear in great numbers and in every 
stage of growth, as many as 42 dis’tinct genera were noted, comprising 350 species ; the 
most prolific genus being BroTvteus, wdiich included 46 species entirely confined to the 
Zrd fauna or Upper Silurian. Acidaspis had 40 species, of which six occur in the 27id 


^ Stages H, G, and the greater part of F are now more appropriately classed as Devonian 
(pp. 981, 993). Kayser, Z. D. G. G. xxix. (1877), pp. 207, 629, noticed the occurrence of 
Bohemian “ Upper Silurian ” fossils in the Rhenish Lower Devonian rocks ; see also Feues 
lahrb. 1884, p. 81, and his conjoint papers with Holzapfel in Jahrh, Preuss. Geol. Lmidesunst, 
xiv. (1893), p. 236, and Jahrb. K. 1C Qeol. Reichanst. xliv. (1894), p. 479. Barrande 
defended his classification: Yerh. K. Geol. Reichs. 1878, p. 200. 

- 'Sy.st. Silur.’ ii. suppt. p. 266, 1877. 
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arid 34 in the 37'd fauna. Proitus also numbered 40 species, wdiicli all belong to the 3ri)J 
fauna, save two found in the Other less prolific but still abundant genera are 

Uahiianites, Phcico;ps, and Illde^vus. The fauna, or Lower Silurian series, was found 
by Barraiide to contain in all 32 genera and 127 species of trilobites ; while the %ril 
fauna, or Upper Silurian series, contained 17 genera and 205 species, so that generic 
types are more abundant in the earlier and specific varieties in the later rocks.^ 

Eeference may be made here to the famous doctrine of “ Colonies” propounded and 
ably defended by the illustrious Barrande. Drawing his facts from the Bohemian basin, 
he believed that while the Silurian strata of that region presented a normal succession 
of organic remains, there were nevertheless exceptional bands, which containing the 
fossils of a higher zone, were yet included on different horizons among inferior portions 
of the series. He termed these precursory bands “ colonies,” and defined the phenomena 
as consisting in the partial co-existence of two general faunas, which, considered as a 
whole, were nevertheless successive. He supposed that, during the later stages of his 
second Silurian fauna in Bohemia, the first phases of the third fauna had already appeared, 
and attained some degree of development, in a neighbouring but yet unknown region. 
At intervals, corresponding doubtless to geographical changes, such as movements of 
subsidence or elevation, volcanic erup)tions, &c., communication was opened between that 
outer region and the basin of Bohemia. During these intervals a greater or less number 
of immigrants succeeded in making their way into the Bohemian area, bnt as the 
conditions for jtheir prolonged continuance there were not yet favourable, they soon died 
out, and the normal fauna of the region resumed its occupancy. The deposits formed 
during these partial interruptions, notably graptolitic schists and calcareous bands, 
accompanied by igneous sheets, contain, besides the invading species, remains of 
some of the indigenous forms. Eventually, however, on the final extinction of the 
second fauna, and, we may suppose, on the ultimate demolition of the physical barriers 
hitherto only occasionally and temporarily broken, the third fauna, which bad already 
sent successive colonies into the Bohemian area, now swarmed into it, and peopled it 
till the close of the Silurian period.- 

The general verdict of palaeontologists has been adverse to this original and 
ingenious doctrine. The apparent intercalation of younger zones in older groups of rock 
has been accounted for by such infoldings of strata as liave already been described in this 
volume and by the efiects of faults. It has been shown that not only are the zones 
repeated, but that when they reappear they bring with them their minute palaeontologi- 
cal subdivisions and their peculiar lithological characters.*^ 

Silurian rocks appear in a few detached areas in G-erniany, but the only comparatively 
large tract of them occurs in Thuringia and the Fichtelgebirge. They present a gi-eat 
contrast to those of Bohemia in their comparatively unfossiliferous character. In the 
Thiiriuger "Wald, a series of fucoidal- slates (Cambrian, p. 928) passes up into slates, 
greywackes, &c. (Griffelschiefer, Lederschiefer), with Conularict, Orthis, Asaphics, Ogygia, 
and other fossils. These strata (from 1600 to 2000 feet thick) may reimesent the Lower 
Silurian groups. They are covered by some graptolitic alum-slates, shales, flinty slates, 
and limestones {Favosites goUartdica, Cardiola inUrrvjpta, Tentaculitcs cccum'ius, &c.), 
which no doubt represent the Upper Silurian groups, and pass into the base of the 
Devonian system.^ The graptolites include many species found in the Stoekdale shales 
of the Lake District, so that the Llandovery group is well represented in this part of the 

^ Op. cit. i. suppt. “Trilobites,” 1871. 

2 The doctrine of colonies is developed in the ‘ Systenie Silurieii du Centre de la Bohfenie," 
i. (1852), p. 73 ; ‘Colonies dans le Bassin 8ilurien de la Boheme,’ in B. S 9. F. (2nd ser.) 
xvii. (1859), p. 602; ‘ (*101136 des Colonies,’ Prague, i. (1861), ii. 1862, iii. (1865), iv. 

(1870), V. (1881). 

3 J. B. iVIarr, Q. J. G, S. 1880, p. 605; 1882, p. 313. 

^ Richter, Z. I). 9. G, xxi. p. 359 ; xxvii. jj. 261. 
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continent.! In the Harz, the Tanne grcywacke, containing land-plants (p. 9B7), is 
overlain by siliceous shales, cherts, and quartzite, above which come graptolitu} 
shales with Monograptidai and Gardiola interrupta:^ Farther east, in KuBnian 
Poland, representatives of both divisions of the Silurian system have been found. 
The Lower (Bukowka Sandstone) in the Kielce district lias afforded a few npecieH of 
brachiopods [Ortlvis calUgramma, 0. oUusa, 0. mmieta, Orthisiim pl(ma), while the 
Upper, which is better developed, has furnished a largo series of distinctive foBsils 
{Monograptiis priodon, M. Icptotheca, M. bohemicus, ff. colonus, M. sccmicus, 
graptus scctlaris, Cardiola interrupta, Orthoceras gregccrimn, &c. ). The higher part b of 
the series, which may belong to the horizon of the Ludlow rocks, contain among other 
fossils BeyricUa Kloedeni, JSpirifcr elevatTis, Atrypa reticularis, liJu/iichondla (Uatuuru- 
tmchia?) nucula^^ 

In the south-west of Russia (Podolia) and in Gallicia, an Upper Silurian area occurs 
in which there is almost perfect palieontological agreement with the Silurian rocks 
of the basin of the Baltic, but a great contrast to those of Bohemia, with wliich it Iuik 
only a few brachiopods in common.'! 

Among the Alps, the band of ancient sedimentary rocks which, flanking the 
crystalline masses of the central chain, has been termed the “greywacke zone," has in 
recent years been ascertained to contain representatives of the Silurian, Devonian, 
Carboniferous, and Permian systems.® In the eastern Alps, a belt of clay-slate and 
greywacke, with limestone, dolomite, magnesite, ankerite, and siderito ruim from 
Kitzbiihel in the Tyrol as far as the south end of the Vienna basin. Aliout twenty 
species of fossils [Orthoceras, Atrypa, Gardiola, &c.) found at Dienteii, near Werfeii, 
belong apparently to the substage tf2 of Barrande’s Stage K. In this band, the strata 
have been changed into crystalline schists. As the fossils are Upper Silurian, a largo 
part of the adjacent unfossiliferous schistose rocks may represent older parts of tho 
Silurian system ; but no Lower Silurian fossils have yet been found in tlicm in tho 
northern Alps. 

In the southern Alps (Carinthia), above the older Palaeozoic masses which have 
not yet yielded fossils, the following subdivisions have been given by Stacdut in 
descending order : — 

Limestones (1000 to 1500 feet) with Silurian forms of Fenta/mirus, Spirifer, 
Rynchonella, and A trypa, and Silurian and Devonian corals = Stagtjs F, ( », f I 
of Barrande. 

Dark clay-slates and sandstones with plant-remains, yellow and red crinoid-slialeH 
= Stage F, in parts Onondago group (?). 

Limestone with orthoceratites, gasteropods, laraellihranchs, trilobites (Kokberg). 
About 100 species occur in the lower or dark Orthoceras linieKtoiie. These 
rocks appear to represent Stage E of Bohemia, and the Ludlow and Wenlock 
groups of England. 

Graptolite-schists with Petalograptus folium, D. pristis, &c. = Stage 1) and base of 
E (Tarannon group). 

Grey wacke- slate and sandstone {Strophojnena grandis, Ori/m) = upper part of Btege 
D ; perhaps Bala beds.® 


! Marr, OeoL Mag, 1889, p. 414. Tornquist, Oeol Fbren. dtoclcholm, ix. (1887). 

- Lessen, Z. D. G. G. xx. p. 216; xxii. p. 284 ; xxix. p. 612. 

G. Giirich, Verh. Russ. Min. Gesellsch. 2nd sen, xxxii. (1896), ]). 19. 

^ F. Schmidt, ‘Die Podolisch-galizische Silurformation,’ St. Petersburg, 8vo, 1875. 

® Von Hauer, ‘ Geologic,’ p. 216. Stache, Jahrb. Geol. Reichs. xxiii. p. 175 ; xxiv. i)p. 186, 
334 ; Verh. Geol. Reichs. 1879, p. 216. Stache divided the greywacke zone of the eastern 
Alps into five pre-Triassic groups : 1, Quartzphyllite group ; % KalkphylHte group ; 
3. Kalkthonphyllite group ; 4, Group of the older greywackes (Silurian and Devonian) ; 5, 
Group of the Upper Coal and Permian rocks. 

® VerhandL Geol. Reichs. 1884, p. 25 ; Z. 1). G. G. 1884, p. 277, 
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la the .soutl.era halt of Sardinia, Silurian rocks (in j.art, at least, Upper) have been 
divided into three zones, the loivcst of which contains important metalliferous lodes ■ 
Among these rocks Meiieglinii recognises two chief graptolitic horizons, one probahl’v 
representing tlie Tarauiion sub-group (with Moiwgraptns antenmiJarius, comp. £ccki )/. 
amiii, comp, cimtimtis, M. he.miyrislis, comp, joctaum) the other (with M. coloinis, If. 
Inmarliuirii;, M. utMuKfi’ms, compj. vomerhiiis) answering to the hVenlock oroup 

North America.-— Ill the United States and Canada, Silurian rocks Spread con- 
tinuously over a vast territory, from the month of the St. Lawrence south-westwards 
into Alaltama and westwards by the great lakes. They almost encircle and certainly 
iinderlio all the later Palieozoic deposits of the great interior basin. The rocks are 
most tyjac.-illy developed in the State of New York, where they have been arrani-ed as 
in tlie Hulijoiiied tiible : — 

f (5) L<‘)wer Holder] ler^^ groups* consisting of 

(f) M|»pc;r l>eiitiujienis liniestoiie {Fentaiiierits pseudo-galeatus). 

(/;) Didtliyris limestone [Jterhtella Imvts), 

l<t) Lower .Peritaiiieriis limestone {PeiUctmenis (jaleatiis). 

(4) VVL'iter-liine {TeiLUfcidiUs^ Mitrypte/rns, and Pte'i'ygotus) Onondago salt group, 
(.'oiisistiug of red and grey marls, sandstones, and gypsum, with large 
^ impri'gnation of ooiiimoii salt, hut nearly Larreii of fossils. The Guelph 
foniiatioii, however, ^vith its pale dolomites, has yielded a large series of 
fossils whioli have Leeii worked out hy Hall, Billings, and Whiteaves. 

(:i) Niagara shale and limestone; IlaigsUes, Favosites, Calijmeae Blumenbachi i 
, /lotiKflnnnl i(,s de/phi /lorejfkalus, Plectamhonites {Lejyiasna) transversalLs, 

% ^ /)en(/r(pir(i/)tffH {7 Oollof/faptus {i), JDictyo-neina, CalyptogmpiuNt, 

^ 1 fnan/vlist ike. ; also fish-remains [Oiickvs, Glyptaspis) in the shale in 

^ l\‘iinsy Ivau ia. The N iagara Limestone may be paralleled with the \Yenlock 

Limestone. 

(2j Clinton group [Pfntjuntn'i/R iihhni(j\L% Atrypa o'eiicularis, Monoymptus din- 
tniieiisi.s, JUdiditea ’irmma, &c.). This group may represent the Taraunon 
.shales. 

(1 ) M^Mlina grou]) with Onei<la conglomerate {Modiolopsis orthonota). 

In Nova Seotin ami New Brunswick Upper Silurian formations of different 
aspect from thoHe nliove enumerated are extensively developed. Several 
thousand feet of sandstones, slates, iron-ores, hlack graptolitic slates, 
Inm'stoncs, and niu<lstf>ne.s have yudded a characteristic fauna resembling 
h that of the tyidcal English districts. 

Ciiiciiinati (Lorraine, II ii<1k(ui Eiver) ** group Haly sites, Fterinea 

(leinis.stf, P/rdaiiihffuilc.H {LqjUi'na) sericea, Clwuicogmptus bicornis, C. 
f//pir(dis, hlpliKjnrptfiH pristh, D. puiilhis). This group) corresponds to 
the (hiradoo rocks of .BriUiin. 

(4 ) Ut ica grou p Utica .shale ( Uptngvaptusfiaaidtis, Diplograptus 77UKr(matus{1\ 

I), (/malrifniffratiufvfi, Odhaymptus quadmn'ncroTicct'us, Dendrograpfus 
HiiHph\>\ Piidur.fUU.H prutei/orim', Ort/ioceras lamellos^tin, Triarthrus Becki). 


‘ M<'ii.‘ghiui Anid. IJmei, 1880. J. G. Boxnemann, ‘ Die Versteineruugen des 

Can.l.rw-hea Kcluuhtcu.systcuis der lu-wl Hardinien,’ HaUe, 1886. S. Traverso, Atti. Soc. 

LimisL Fri. Xaf.ilL 1BB2. tt •+ i 

Hcje AfEtnuirH tff the Oroloiiind h^nri'ey of Canada, and the publications of the United 

HtateM Ged, Farr. ; iiuTuerous monographs of the late James Hall, of llb^y , A\alcott, 
ifymrje. (f.F, a. N. viii. (1884). The graptolites have been tabulated by R. R Gurley, 

Jmrn. Ged. X. (18(h]), pp. 1)3-102; 291-311. 

^ Thiu group is by n,a,.yKcologi«t.s placed i« the Devouuu system, and a considerable 
ausoHUt of controversy has arisen m, the suhject. It is inserted here 
flnuMilicaUmi of I'rofcKsor II. 8. Williams of Yale University, who would draw the Ime 
hetwts'ii till! Silurian ami Dovoniiiii .system about the middle of t e ,ji 

this suhimd see Ids papers, .1 ««•. .A»/r«. Nci. ix. (1 900 ), p. 203 ; JSidh heri. Soc.Avier. . 

1. ; al.s..’c.‘s,.huchert, ri. p. 241, and other papers .UA^stea, p. 99.. 

^ On tins group sc- ( I>. Walcott, im. Ueol. Soc. Avwr. i. (1890), p. 335. 
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r Trenton limestone.^ 
(3) Trenton ) Black River lime- 
group. stone. 

(.Birdseye limestone. 


(Trinucleiis conmntrims^ lllsenus america7ius, 
J. crassicmida, Leperditia fahidites, Orthis 
[Valmcmella) testudinmia, 0. [Lalmmiella) 
suhoaqmitaj Leptsena {Plectanihoyiites) 
sericea, Rafinesquma altenmta^ Murcki- 
soiiia^ Conularia^ Orthocems, Cyrtoceras 
tenuistriatuSi iJidymograptus (7 s|:)ecies) 
GlwuttograptuSj NeyiwbgraptuSy Lepto- 
graptus^ Dicellograptus (10), Dico'am- 
graptus (12), ClimcLcograptus (11), Liplo- 
graptus (13), Cryptograptus, Lasiograptus, 
Olossograptus, Reteograptus, Clathro- 
graptus^ Lmdrograptm^ Dictyonema^ 
TJiamnogo'aptuSj Phycograptus, &c.“ 
(2)‘Chazy group— Chazy limestone {Maclurea magna, M. Logani, OrthocemSy 
nimnusy Asaphus, LidyynogmptuSy Climacograptus, Cryptograptus, Olosso- 
graptus), 

(1) Calciferous group {Lingulellcc acuriinata, Leptsena, Qomcojrdiuon, Ophileta 
covipacta, Orthoceras prlmigenium^ Amphion, Bathyurus, Asaphus, Cono- 
corypha, Dichograptus, Tetragraphis, Phyllograptus, Pidymograptus, Diplo- 
graptus, Callogrciptus, Bictyonmioby Caryocaris, &c.). This group answers to 
the Welsh Arenig roclcs.^ 


The number of genera and even of species common to the Silurian rocks of America 
and Europe, and the close parallelism in their order of appearance indicate a former 
migration along shallow northern waters between the two continents. Among these 
common species the following maybe enumerated as occurring in the Upper Silurian 
rocks of New York, the coasts of Barrow Straits within the Arctic Circle, Britain, and 
the Baltic basin : Stromatoporct conccntrica, Malysites catenularia, Pawsites gotlccndiccc, 
Orthis elegantula, Atrypa reticulmds. The genera of graptolites appear to have followed 
the same order of appearance and to have reached their full development and final 
decline at corresponding stages of the Silurian period on each side of the Atlantic. 
Among the Crustacea, trilobites were the dominant order, represented in each region 
by a similar succession of genera, and even to some extent of species. And as these 
earlier forms of articulates waned, there appeared among them about the same epoch in 
the geological series, the eurypterids of the Water-lime of New York and of the Ludlow 
rocks of Shropshire and Lanarkshire. 

South America. — Lower Silurian fossils have been obtained from Bolivia, Peru, and 
Argentina, so that the Silurian system has a wide extension in the central and southern 
parts of the continent. Some of the rocks correspond to the Arenig or Llandeilo forma- 
tions of Europe, for they contain AsaphusO), Bathyurus, Ampyx, Megalaspis, IllmyiuSy 


^ The Trenton limestone contains the zones of [a) MonticuUporidce, with Isotelus gigas, 
OaXymms senaria, Jlolopea syrmudrica, &c. ; (6) Parastrophia hemiplicata, with Ctenodonta 
leudUy &c. ; {c) Plectambonites sericeus exclusively; (d) Orthis {Lahnanella) testudinaria 
crowded together, also with Caly7nene senaria, Rafinesqaina altemata, &c. ; (e) Isotelus gigas 
QsidLLmgula mrta, with Biplograptas amplexicaulis, Orthoceras rertehrate, &c. T. G. White, 
JReport of Director, New York State Mmeum, Appendix A ; B^dl. Qeol. Soc. Amer. x. 
(1898), p. 452. 

® Eemaini of ganoid fishes, like Holoptychius and Asterolepis, and of a chimjeroid fish, 
have been found in what seems to be a representative of the Trenton group in Colorado. 
C. D* Walcott, Bull, Geol. Soc. Amer, iii. (1892), p. 153. 

3 According to researches by Mr. Selwyn, the so-called Quebec group as defined by 
Logan embraces three totally distinct groups of rock, belonging respectively to Archaean, 
Cambrian, and Lower Silurian horizons ; and in the fossiliferons belt of Logan’s Quebeo 
group are included, in .a folded, crumpled, and faulted condition, portions of subdivisions 
that lie elsewhere comparatively undisturbed, and embrace strata even lower than the 
Potsdam formation. Trans, Roy, Soc, Canada, vol. i. sect. iv. p. 1 (1882). 
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LituUes, Maclurea, OrtMs ccLlHgTcumma^ and the characteristic Didipiiogmitus MurcMsmiL 
A Caradoc horizon may perhaps be marked by strata containing a graptolite closely 
related to Dijplogrcc'ptus trimtcdm, while Upper Silurian fossils have been recorded 
from Para, Brazil, whence species of Lingulx, OrtMs^ Choiuies, Ancibaia-, Anoclon- 
io^sis^ MitrcMsonia, OotmlciTia^ Orthoceras, Cyrtoceras, Frwzitici, and Bollia have been 
obtained.^ 

Asia,. — Silurian rocks extend into the heart of this continent, thence eastwards to 
China and southwards into India. In Turkestan strata have been found containing 
Homalonotustisnlcatus, Leper ditia Schmidt i% Pleicrotomaria, microstriata 2 i.TidLeptodomus 
truneat'us,^ 

Troin the province of Sze Chiien, in IV^estern China, Richthofen obtained numerous 
fossils which, show the presence there of MCiddle and Upper Silurian rocks. Among the 
species, some are the same as those that occur in 'W' estern Europe, such as Orthis caMi^ 
gramna^ JPlectamhonites {Lejitaeiia) sencea^ Spirifer rcLdiatus, Atrypa, retictulmns^ 
FavosUes Jlirosa, HelioUtes inter sUiictics, Rcdy sites catenularia, and others.^ 

The Salt Range of the Punjab contains thick masses of bright red marl, with beds 
of rock-salt, gypsum, and dolomite, over which lie purple sandstones and shales. 
These saliferous rocks have been already (p. 933) referred to as containing Cambrian 
fossils, but it is not yet knoAvn whether they include any representatives of the Silurian 
system.^ In the regions of the ^Northern Punjab and Kashmir traces of Silurian organic 
remains have been discovered ; while in the north of Kumaiin such fossils have been 
found in considerable quantities. In the central Himalayas of Hundes and Spiti a 
series of conglomerates, quartzites, phyllites, slates, and shales from 3000 to 4000 feet 
thick, the age of which does not appear to have been precisely determined, passes upward 
into a group of strata, 1200 feet or more in thickness, which is assigned to the Silurian 
system. It consists in great part of coral-limestone and has furnished a large number 
of fossils, including species of Sphserexochiis, Zidias, Calynune, Illmius^ Oheirurus, &c.® 

Australasia. — In Australia, Tasmania, and Hew Zealand the existence of the 
Silurian system has been proved by the discovery of a considerable number of character- 
istic fossils. In Tictoria. both Lower and Upper Silurian fossils have long been known 
to exist in a thick series of sedimentary deposits, the older portions of which, perhaps 
including Cambrian and even pre-Cambrian rocks, have been altered into crystalline 
schists.® The Lower Silurian strata, consisting of sandstones, slates, shales, mudstones, 
conglomerates, and breccias have yielded a considerable number of graptolites which, as 
usual, are crowded together in the hlack shales. By means of these fossils the rocks have 
been separated into graptolitic zones, which may he broadly paralleled w'ith those of 
Europe. In the shales of Lancefield the oldest group of fossils includes species of 
Bryograptics, Leptograptws, IHdymograpttis, Tetragraptns, Clemograptus ; apparently above 
these lie the graptolites of Castlemaine, of vrhichthe lowest zone is distinguished by the 
abundance of Tetragraptws fruticosm, associated with jP. qitadribrachiatus, T. serra 
(bryonoides), Dichogrccptv^, sp. JPhyllograptus tijpus, Goniograptus, Fhammgraptus 
typus, DidyTnograptm cadwcens. The next zone in ascending order is marked by 

^ D. Torb^, Q. J. (?. S. xviL (1861), p. 53. Kay.ser, Z J). G. G. xlix. (1897), p. 274 ; 1. 
(1898), p. 423. E. T. Kewton, Oeol. Mag. 1901, p. 195. J. M. Clarke, ArMv. Mm. 
Mae. Rio de Jaruira, x. (1899). 

^ Gr. Romanowski, ‘Materialen zur Oeologie von Turkestan,’ 1 Lief. St. Petersburg, 
1880, p. 39. 

^ Richthofen’s ^ China, ^ vol. iv. pp. 37, 50, where descriptions of the fossils are given 
by Kayser and Lindstrdm. 

^ A. B. "Wynne, Mem. Geal. Snrv. hulia^ xiv. See also Palseont. Indica. ser. 13, vol. 
i. (1887), p. 750 ; Medlicott and Blanford, ‘IVIaiiual of the Geology of India^’ 1879, p. xxv. 

® Medlicott and Blanford, op. cit. p. 649, and 2nd ed. by R. D. Oldham, p. 115. 

E. A. F. Murray, ^G-eology and Ph^^sical Geography of Victoria, ’ Melbourne, 1887, p. 33. 
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the abundance of Didymograptus hijidus; the third by the profusion of LhyUographis 
typus and Lidymograptiis caduceus, while higher up Loganograptus Logani is the 
prominent species.^ Upper Silurian formations, said to extend over a considerable area 
of the colony, consist of sandstones, mudstones, shales, and slates with crinoidal and 
coral limestones. They have yielded an abundant series of fossils, including corals, 
star-fishes, crinoids, trilohites (Phacops, Lidias, Homalonotus, Brontcus, Calymcou, &c.). 

In the Macdoniiell Kange of Central South Australia the presence of Lower Silurian 
rocks is indicated by the discovery there of sj)ecies of AsapJms, Orthis, OpJiilcta, ii«- 
pJiistoma, Murcliisonia, Ortlioceras, and Endoccras!^ In New South Wales it is the 
Ui^per Silurian formations which have been developed, expanding there, in a succession 
of shales, limestones, sandstones, gifits, and conglomerates, to a thickness of sometimes 
more than 3000 feet (Yass). Trorn these strata a large suite of organic remains of un- 
mistakable Upper Silurian types has been obtained. They include species of Almolites, 
Gyathophyllum, EavosUes, Hedy sites, Hcliolites, Omphyma, Bronteiis, Calymene, Qheirurus, 
Enerimmis, Homalonotus, Proetus, Leptsena, Pcntavaenis, and many more.*^ It is in- 
teresting to note among these fossils the world-wide species Favosites aspera, F. jihrosa. 
F. gotlandica, Oviphyma Murchisoni, Calymene Bhimenbaddi, EncHoiurus punctatus, 
Proetus Stokesii, Ad'ypee reticularis, A. hcudspherica, Ohonctes striatella, Plcctaiiibomtes 
(Leptasna) sericca, Pentamenis Knightii, P. ohlongus, and others e(inally familiar. 

Tasmania likewise furnishes a good representation of both subdivisions of the 
Silurian system. The Lower division is grouped by Mr. K. M. Johnston in two sections, 
the older of which, the Auriferous Slate group, consists of slates and grits with 
graptolites {Lldymograptus) ; the younger, the Gordon River group of limestones and con- 
glomerates, has yielded a varied fauna of corals {Halysites, F'avosites, Syringopora, 
Phillipsastreea, &c.),brachiopods, lamellibranchs {Oyrtodonta), gasteropods {Pufphistoma, &c), 
cephalopods {Orthoceras, Lihdtes), and other organisms. The Upper Silurian formations 
of the island, classed in the Eldon group and consisting of slates, mudstones, sandstones,, 
conglomerates, and limestones, have supplied many fossils, among which are species of 
Pentamenis, Ortlds, Btropliemena, Calymene, &c. 

In New Zealand a thick mass of sedimentary formations, classed by Captain Hutton 
as his Takaka system, has been subdivided into (1) a lower division (Wanaka, including 
the Mount Arthur and Aorere series of Sir J. Hector) in which a few crinoids, graptolites, 
and a coral have been found, and which are referred to the Lower Silurian series. They 
are much disturbed by hornblendic and syenitic eruptive rocks ; and (2) an upper division 
(Baton River series, including the Kakanui and Waihao series), consisting of slates, sand- 
stones, and limestones, from which Calymene Blumenbacldi, Bpirifer radiatus, Strick- 
landinia lirata, and other Upper Silurian forms have been procured. A great part of 
the so-called metamorphic schists are probably Upper Silurian rocks. ^ 

Section iii. Devonian and Old Red Sandstone. 

In Wales and the adjoining counties of England, where the typical 
development of the Silurian system was worked out by Murchison, the 
abundant Silurian marine fauna disappears in the red rocks that overlie 
the Ludlow group. From that horizon upwards in the geological series 

^ T. S. Hall, Proc. Roy. Soc. Victoria, 1894, 1896, 1897, 1898. F. M‘Coy, ‘Prodronius 
of the Palaeontology of Victoria,* Dec. i. ii. and v. 

- E. Etheridge, junr. ‘Additional Silurian and Mesozoic Fossils from Central Australia,* 
Adelaide, 1893. De Koninck, ‘Foss. Palseoz. Noiivelles Galles du Sud,’ 1876. 

^ E. Etheridge, junr. ‘A Catalogue of Australian Fossils,’ Cambridge, 1878; W. B. 
Clarke, ‘Remarks on the Sedimentary Formations of New South Wales,’ 4th edit. ; C. S. 
Wilkinson, ‘Notes on the Geology of New South Wales,’ Sydney (1882). 

F. W. Hutton, Q. J. G. S. xli. (1885), p. 198 : Hector, ‘Handbook of New Zealand,’ p. 37- 
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we ha^e to pass through some 10,000 feet or more of barren red sand- 
stones and marls, until we again encounter a copious marine fauna in the 
Carboniferous Limestone. It is evident that between the disappearance 
of the Silurian and the arrival of the Carboniferous fauna, very great 
geographical changes occurred over the site of Wales and the west of 
England. For a prolonged period, the sea must have been excluded, or 
at least must have been rendered unfit for the existence and development 
of marine life, over the area in question. The striking contrast in general 
facies between the organisms in the Silurian and those in the Carboniferous 
system, proves how long the interval between them must have heen. 

The geological records of this interval in Wales and the west of England 
are still only partially unravelled and interpreted. At present the general 
belief among geologists is that, while in the west and north of Europe the 
Silurian sea-bed was upraised into land in such a way as to enclose large 
inland basins, in the centre and south-w’-est the geographical changes did 
not suffice to exclude the sea, which continued to cover that region more 
or less completely. In the isolated basins of the west and north, a peculiar 
type of deposits, termed the Old Red Sandstone, is believed to have 
accumulated, while in the shallow seas to the south and east, a series of 
marine sediments and limestones was formed, to which the name of » 
Devonian has been given. It is thus supposed that the Old Red Sandstone 
and Devonian i*ocks represent different geographical areas, with different 
phases of sedimentation and of life, during the long lapse of time between 
the Silurian and Carboniferous periods. A somewhat similar contrast 
between the lithological and palaeontological characters of the corresponding 
formations in different parts of the United States and Canada, shows that 
ill America also this geological period was marked by geologiail changes 
which produced distinct geographical conditions in adjacent regions. 

That the Old Eed Sandstone of Britain does represent the prolonged 
interval between Silurian and Carboniferous time can be demonstrated by 
innumerable sections, where the lowest strata of the system are found gradu- 
ating downward into the top of the Ludlow'' group, and where its highest 
beds are seen to pass up into the base of the Carboniferous system. But the 
evidence is not everywhere so clear in regard to the true position of the 
Devonian rocks. That these rocks lie between Silurian and Carboniferous 
formations was long ago shown by Lonsdale from their fossils. But it is a 
curious fact that in some countries where the Lower Devonian beds are 
developed, theUpper Silurian are scarcely to'be recognised, or, if they occur, 
can hardly be separated from the so-called Devonian rocks. It is quite 
possible, therefore, that tbe lower portions of what has heen termed the 
Devonian series may, in certain regions, to some extent represent what 
are elsewhere recognised as undoubted Ludlow or even perhaps Wenlock 
rocks.^ We cannot suppose that the rich Silurian fauna died out abruptly 

^ According to Kayser and Beyrieli the limestones of the Hereynian series in the Harz 
and Nassau, together ivitli Barrande’s Upper Silurian Stages F, G, H, in Bohemia, are to be 
regarded as truly Devonian, and as heing the deeijer-water equivalents of the arenaceous 
series of the normal Lower Devonian series on the Ehine. {AbhcnuiL GeoL Specialkartf*. 
Prenssen, II. Heft 4, 1878. Z, D. G. G. xxxiii. (1881), p. 628.) ^ee posted^ p. 993. 
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at the close of the Ludlow epoch. We should be prepared for the dis- 
covery of Silurian rocks younger than the latest of those in Britain, such 
as Barrande showed to exist in his Etage H, or for a Devonian facies of 
fossils in rocks which are nevertheless regarded as Silurian. The rocks 
termed Lower Devonian may partly represent some of the later phases 
of Silurian life. On the other hand, the upper parts of the Devonian 
system might in several respects he claimed as fairly belonging to the 
Carboniferous system above. ^ 

The marine or Devonian type must he regarded as the more usual and 
widely extended form of the system. It will therefore be taken first in 
the following descriptions. The Old Bed Sandstone, with its extremely 
interesting but more local development, will be afterwards discussed. 

* 1. DEVOI^IAN- TYPE. 

§ 1. Ceneral Characters. 

Books. — Throughout central and western Europe, the Devonian 
system presents a remarkable persistence of petrographical characters, 
indicating probably the prevalence of the same kind of physical conditions 
over the area during the period when the rocks were accumulated. The 
lower division consists mainly of sandstones, grits, and greywackes, with 
slates and phyllites. These rocks attain a great development on the 
Bhine, where they form the material through which the picturesque 
gorges of that river have been eroded. In the central zone, limestones 
predominate, often crowded with the corals and mollusks of the clearer 
water in which they were laid down, and in some cases actually repre- 
senting former coral-reefs.^ The upper series is more variable : being in 
some tracts composed of sandstones and shales, in others of shales and 
limestones, but everywhere presenting a more shaly thin-bedded aspect 
than the subdivisions beneath it. Considerable masses of diabase, tuff 
(schalstein, p. 175), and other associated volcanic materials are inter- 

^ J. B. Julies proposed a solution of the English Devonian problem, the effect of which 
woiild be to turn the whole of the Devonian rocks into Lower Carboniferous, and to place 
them above the Old Red Sandstone, which would thus become the sole representative in 
Europe of the interval between Silurian and Carboniferous time. Journ. Hoy. Oeol. Soc. 
Ireland, 1866, i. Part. 1, new ser. ; Q. J. O. S. xxii. 1866, and his pamphlet on * Additional 
Notes on Rocks of North Devon,’ &c. 1867). The “ Devonian question,” as it has been called, 
has evoked a large number of papers, of which, besides those cited in subsequent pages, the 
following may be enumerated : Professor Hull, Q. J. G. S. xxxv. (1879), p. 699 ; xxxvi. (1880), 
p. 255. A. Champernowue, Oeol. Mag. v. 2nd ser. (1878), p. 193 ; vi. (1879), j). 125 ; viii. 
(1881), p. 410. The general verdict has been adverse to the explanation of the structure of 
North Devon proposed by Jukes, and the position of the Devonian system has now been 
definitely established on the continent of Europe and in the United States. 

^ Dupont, Bull. Acad. Roy. Belgique (3) ii. ; Comptes rend. Eeb. 18, 1884. Bull. aSoc. 
Belg. Geol. vi. (1892), Memoires, p. 171. The frequent singularly lenticular character of 
Palaeozoic limestones is explicable on the assumption that in many cases they grew up in 
patches after the manner of modern coral-reefs and shell-bank£ The interrupted bands 
of shale in the Belgian Devonian limestones are regarded by M. Dupont as representing 
reef-lagoons that were filled up with muddy sediment. 
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calcated in the Devonian system in Devonshire and in GermaiiT. a 
rule, the rocks have keen subjected to more or less disturbance, aiid lia^ e 
in some places lieen plicated, cleaved, and even metamorpiosed into 
schists, quartzites, &c. In some districts, they have been invaded hy 
large masses of granite and other eruptive rocks. 



Fi«'. 384. Devonian and Old Red Sandstone Arfhropcxia. 

arniatins, Burm. (Lower Devonian). 

Among the oeonooie ptodueM, the most importtnt ir. Euroi» ‘^e 

“4, leed, «», «pper. *<=;. "III "nS lf i 

masses through the Devonian rocks (Devon and Cornwall, Wa-rz, ic-t 

In North America the Devonian rocks of Pennsylvania con am 

of “sand-rock” charged with petroleum. 
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Life. — A cryptogamic flora covered the land during the ages that suc- 
ceeded the Silurian period. As the remains of this vegetation are chiefly 
preserved in the Old Eed Sandstone facies of deposits, it is described 
at p. 1001. The true Devonian rocks contain remains of marine vegeta- 
tion {Chondrites^ Bytkotrephis), and likewise traces, often badly preserved, 
of land-plants (Asterocalamites, Arch^eopteris or Falmopteris, Psilophyton, 
to which the Haliserites, formerly thought to be sea-weed, is now referred). 

The fauna of the Devonian rocks is unequivocally marine. Among 
the more lowly forms of animal life are some of which the true zoological 
grade has been the subject of much uncertainty. Of these, the fossil known 
as Calceola sandalina (Fig. 385) has been successively described as a lamelli- 
branch, a hippurite, and a brachiopod ; but is now regarded as a rugose 
coral possessing an opercular lid like some other members of the 
cystiphylloid group. The Pleiirodidyim proUematicum, a well-known form 
of the Lower Devonian beds, is now classed with the Favositidse 
among the tabulate corals. The group of Stromatoporoidea, including 
Stromatopora^ Clathrodictyon, &c., occurs in some of the limestones as 
abundantly and much in the same way as reef-building corals do in a 
modern coral-reef. The curious Receydacidites, already (p. 937) referred 
to, is a well-known Devonian fossil, classed by some authors among the 
calcareous algae, by others among the foraminifera, or even with the 
sponges. The Corals of the Devonian seas were both abundant in 
individuals and varied in their specific and generic range. Not a single 
species is common either to the Silurian system below or the Carboni- 
ferous above. Among the rugose forms, the genera Cyathophyllim, 
Combophyllumj Zaphre^itis, Phillipsasirsea, Acenmlaria, Cystiphyllum, and the 
already mentioned Calceola are characteristic. The tabulate kinds 
belong chiefly to the important genefa of Pavosites, Pachypora^ Trachypora, 
Alveolites, Michelinia, Pleurodictyum, Anlopora, Syringopora, and Fistulipora. 
The Alcyonaria are represented by species of Heliolites and Plasmopora. 
Of the Echinoderms by far the most abundant representatives are 
crinoids, which occur in great profusion in the limestones, sometimes 
forming entire beds of rock. They belong to the genera Haplocrinus, 
CupressocrinuSy Cylicocrinus, Hexcccrinus, Dorycrintts, Rhipidocrinits, Melocrinus, 
Calceocrinus, Lecythocrinus, Ichthyocrinus, and others. The cystideans are 
greatly diminished in number, though they linger on into the Carboniferous 
formations; the Devonian forms belong to the genera Proteocystis, 
Agelacrinus, andi Tiaracrinus. Blastoids, however, are now on the increase, 
and are represented by species of Pentremitidea, Nucleocrinus (Flmicrinus), 
Codasler, Pha^noscMsma, &c. ; ophluroids or brittle-stars are likewise present 
Eugaster^PalmopMura, Ophiurina, Ophiura), as well as true star-fishes {Aspido- 
soma, Palaeaster, Loriolaster, Palasteriscus) and sea-urchins {Lepidocentnis). 

The known Crustacean fauna of the Devonian period indicates a 
striking diminution in number both of individuals and of species of trilo- 
bites (Fig. 384). Most of the genera so abundant and characteristic 
among the Lower Silurian rocks are now absent, but a number of the 
Upper Silurian genera still remain, only a few new types making their 
appearance {Cryphseus, Decliendla). The most frequent Devonian forms 
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are Cyjpliaspis^ Pro'etus, Phacops, Trimerocephalws^ Odontochile (DalmanMes), 
Homalonotus, Bronteus, Acidaspiis, Calymene^ Harpes, Arges {Lidias) and 
Gheimrus. The ostracods are chiefly represented by the genus Entomis 
formerly called Cypridina, which occurs in enormous numbers in some 
Upper Devonian shales (‘‘Cypridinen-schiefer”), but the genera Leperditia, 
Primitia, Kloedinkij Beyrichia, Bairdia and Gypridincb are likewise present. 
The phyllopodsj eurypterids, and myriapods appear chiefly in the Old 
Eed Sandstone, and are noticed on pp. 1003-1006 and Fig. 384. 



Fig. 385. — Devonian Fossils. 

Stringoeephaliis Bartini, Def. ; Do. lateral, and Do. internal view ; I, Uncites gryplnis, Def. ; 
c, Spirifer Vernenili (disjunctus), Sow. ; Calceola sandalina, Linn. ; 0])e.rcnlar lid of do. ; 
e, Cuculljea unilateralis, Sow. (Hardingii, Sow.) ; /i, Megalodon cucullatus, Sow. 


The Brachiopods (Fig. 385) had now reached a remarkable develop- 
ment, whether as regards individual abundance or number of specific and 
generic forms; more than 60 genera and 1100 species having been 
described. They compose three-fourths of the known Devonian fauna. 
Most of the inarticulate forms continue to diminish in number, being 
represented by species belonging to the still living genus Lingula and to 
Crania^ Orbiculoideaj LindstrcemeUa, and a few other genera. Of the 
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articulate types the most ahundant are spiriferids, including the genera 
S'pirifer (especially broad -winged species), Uncites, Cyrtn, AmbomUa, 
Verneuilki, and Metaplasia, The genus Atrypco still continues in its 
ancient and world-wide species A. retionlaris. The athyrids are especially 
prominent, some of their genera being Betzia, Anoplotheca, Vitulim, Atlipris, 
Kafseria, Meristella, Merista and Oamarospira, The rhynchonellids include 
the genera Eypotliyris, Eatonia, Pxignax, Undnulus, JFilsonia, and others. 
The pentamerids continue, but in decreased numbers {Pentamerelh^Gypidula, 
AmpUgmia, Canarophoria). The orthids are likewise greatly on the 
wane, but continue even into the Permian system. The productids, on 
the other hand, show an increase in number and variety, some of their 
more characteristic genera being Froducfella, Strophalosia, ChoiiostrojMa, 
Anoplia, and Chonetes. The strophomenids, which range from the Lower 
Silurian into the Permian formations, are represented in the Devonian 
system by species of Kayserella, Leptmm, Pholidostrophia, and Stwpheodo7ita. 
The terehratulids make their appearance in this system, where one of 
their most characteristic genera is Stringocephalus, one of the largest and 
most typically Devonian brachiopods (Fig. 385), other forms being 
Megalanteris, Gryptonella, JDielasma, Eunella, and Tropidolephis, to which may 
be added the characteristic Lower Devonian RensseUwia, together with 
Cenfronella, Orishmia, Trigeria^ and other forms. • 

Among the Mollusca of the Devonian rocks remains of the 
pteropod Tentaculifes are sometimes profusely abundant in the lime- 
stones. The known Devonian lamellibranchs belong chiefly to the genera 
JPterinea, Actinodesnm, Leptodesmi, Pteria (Avicula), Cardiola, Megalodm, 
Gh'ammyda, Cucullm., Modiomorpha, Pleurophorus, Cypricardella, Curtonotus 
and Aviculopecten; Pferinea being specially al)undant in the lower, C'uoullsea 
and Curtonotus in the upper subdivision of the system. Important 
genera of gasteropods are Emmplicdus, Straparollus, MurcJiisonia, Loxorierruo, 
Macrocheihs, Scoliostoma, Gapuhts, Pleurotoniaria, Bellerophon, and Porcellia, 

The cephalopods show a marked advance on those of the older 
periods. Among the nautiloids a number of the older families still 
survive, including such genera as Orthoceras, Cyclocerccs, Kionoceras^ 
Sphyradoceras, Loxocems, Actinoceras, Cyrtoceras, and Poterioceras. Tut 
new forms make their appearance {Eormloceras, Plallocems, Ryticeras, 
JRhadinoceras, Centroce7^{is). The ammonoids now take their place at the 
head of the mollusks, and from this system onward into the Jurassic 
formations show a constant increase in numbers and variety. In the 
Devonian rocks they appear in their primitive forms, the clymenioids 
being more especially typical of these strata. The old genus Clymenia, 
now subdivided into a number of genera, is especially prevalent in the 
limestones and shales of the upper part of the system. The goniatitoids 
make their entry in the genera Badrites, Mimoceras, Anarcestes, Agoniatites, 
Aphyllites, Pinnacites, Gephyroceras^ Timmites, Tornoceras, Brancoceras, 
BeloceraSy and others. The Devonian cephalopods have been recently 
employed for the zonal subdivision of the system.^ 

^ Hang-, A£eu. Soc. QeoL France, PaUontol, 1898. The invertebrate fauna of the Rhine, 
&c., is described by Kayser and others. See table and authorities cited, pp. 991-995. 
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The fish fauna of Devonian time has been best preserved among the 
deposits of the Old Red Sandstone (p. 1004). It would appear that some 
of the fishes of the inland waters could make their way into the opener seas, 
where they mingled with marine organisms. In the Devonian rocks of 
Central Europe scanty remains of these fishes have been found, more 
especially in the Eifel, hut not always in such a state of preservation as to 
warrant their being assigned to any definite place in the zoological scale. 
Professor Bey rich described from Gerolstein in the Eifel an undoubted 
species of PteruhthySy which, as it could not be certainly identified with any 
known form, he named P. rhmcmus. A Coecosteiis has been described by 
F. Roemer from the Harz, and an Aspidichthys has been cited by Ton 
Hoenen. A Ctenacanilms^ seemingly undistinguishable from the G, 
hohertiicm of Barrande’s Ftage G, has also been obtained from the Lower 
Devonian H ereitenschichten ” of Thuringia. A new heterostracan form 
(Lrepanaspis) has lately been described by Dr. Traq[uair from the German 
Lower Devonian rocks.^ An example of the Dipnoi [Pal^daplms 
devoniensis) and an ichthyodorulite (Byssctcanthus Grosseleti) have been 
obtained from the Belgian and north of France area. The Psammites 
de Condroz, an important member of the Upper Devonian series of 
Belgium, have yielded some of the actual species of fishes found in 
the Upper Old Red Sandstone of Scotland (Holoptyclms nohilissimus, 
S. giganieus, H. and Glyptopomus Ximairdi), besides other 

species of the genera Eclopiychius, JDendrodus, Lamnodus, Cricodus, 
Phyllolepis, and a new genus Pentagmoleyis.'^ It is interesting to note 
that these fishes are found in association with abundant traces of a land 
vegetation {Archmoyteris, Splmiopteris). 

The upper Eammenian psammites of Modave, in the Condroz district 
of Belgium, besides likewise furnishing fishes i^Eolopty chins, PtericMIiys, 
GlypfcpomuSy Dipterus^ &c.), have been found to contain the remains 
of an amphibian.^ The late Professor Marsh recorded what he 
believed to be amphibian footprints from near the top of the Chemung 
formation of Varren County, Pennsylvania. The best preserved are 
nearly 4 inches long and 2^ wide. He named the animal Thinojms 
aniiqnus. The same strata in which the prints lie show also ripple-marks, 
sun-cracks, and rain-prints, together with marine mollusks {Nucnlana).^ 
There have likewise been detected traces of insect life, but as these are 
chiefiy met with in the Old Eed Sandstone they will be referred to 
on p. 1003. 

In the Devonian formations of ISTorth America the fish-fauna has 
been well preserved, the Corniferous Limestone being especially 
remarkable for its bone-beds, made up of the remains of vast numbers of 
placoderms. That limestone, a thoroughly marine deposit consisting 
largely of corals, must have been accumulated in comparatively deep and 
still waters. Many of the teeth of OnycJiodns contained in it have been 

^ aeol Mag, 1900, p. 153. 

- loh.€st, A7m. Soc. Qeol. JBelg, xv”. Memoires (1888). 

^ loliest, op. cit. xv. Bulletin (1888). 

^ Ayner. Joxmi. Bci. ii. (1896), p. 374. 
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found to 1)6 broken and worn, probably indicating that these fishes were 
preyed on by more powerful contemporaries, whose violence or digestive 
energy triturated the harder parts which they swallowed. Among 
the fishes of this limestone are ostracoderms of the genera Amrdhoh-pis 
and Acanthaspis, also Arthrodira lielonging to the geiicr*a JJinuMhys and 
CoGoosietis, elasmobraiichs of the germs MuAtmnfxuniJms, a ganoid of the 
genus OmjcJwdiiSj together with MaoropiialitMhjH and Askrosteus, and 
some forms allied to the chimoeroids (Rlipixhodus). Prom the Hamilton 
group there have also been olitained Ileieraoanihm^ Cifniaainthm, (Jdlo- 
(puitJms, and JspiduJdkipA In the very highest part of the Devonian 
series of Ohio (Black Cleveland Shale) a remarkably abundant assemlilage 
of new and strange types of fossil fishes has been mot with, including 
the huge Arthrodira JJinichihys, TiUnnAiihiji^, and GorgoniclUJiys^ together 
with the European genus Ooccodeus. This fauna is especially distinguished 
])y a numlier of sharks (Cladosdache, at least ten species).- 

S 2. Local Development. 

Britain,'* — The iiaruo “ Devonian \va.s first applied l)y Sedgwick and Murcliison to 
the rocks of North and South Devon and Cornwall, whence a .suite of’ fossils wa.s obtained 
wliicli Loinsdalo pronounced to ])e iiiteriiKidiate in cdiaractor between Silurian and Car- 
boniferous. The downward pa.ssn.f(c of tlio.se strata into Silurian rocks liiis not hocu 
satisfactorily traced hy clear fossil cvidoiHie, tliough Lower Silurian oigani.sins have 
boon detected in some parts of the region. On the other band, the Devonian rocks 
(dearly graduate upward into Lower darboniferouH strata. Consideruble (liffe.renee (^xist.s 
Imtwecn their dovclopuieiit in the north and noiith of Devonshire. In tlie foriiKU’ area 
they eon.sist of sandy and muddy luaterials in the form of sandstones, grits, and slates. 
In South I)(^voiiHhirc, on IIk^ other hand, tiny include thick mas.scs of linifistoiie and 
ahundaiit vokuLiiic intercalations in the form of tuffs (Hcbalstoin) and lavas (diahasc, k(\). 
With lithological (unitraHtH there is a corresponding differeiujc in tlit^ nhiindamu^ 
and variety of organic; remains, the calcareous rocks of Plymouth and Torquay being the, 
chief repositories of fossils. Yet (jven at the best the Devonian rocks of this cla.ssical 

* Newberry, Mmioijnf ph., U.S. (i, S. No. xvi. 1889 : ‘Palaeontology of Oliio, ’ vol. ii. 

“ E. W. (/laypnle, Ornl. Maij. 1898, p. 443. 

^ Sedgwick and Murclnson, Trains. <Jeol. 2nd ser. v. p. 633. Sedgwick, (^. O. K 
viii. p. 1. Lonsdale, /Voc. OmI, Nor. iii. p. 281. R. A. Godwin-Austeii, Trau^. (h'ul, Sor, 
(2) vi. p. 433. J. W. Salter, <2. J. O. N. xix. p. 474. T. M. Hall, ojh cM. xxiii. p. 371. 
Etheridgci, oy). dt. xxiii. (1 867), p. 568, where a copious hihliography up to that date will he 
found ; also op. eiL xxxvii, Addniss, p. 178. A. Cham per no wnc., and W. A. R IJssher, op. cH, 
1879, ]). .532. A. (Jharnpernowiie, r/p. cit. 1889, p. 369. W. A. E. ILssher, Gp.oI. Maij. 
1881, p. 441 ; Q. J. G. N. 1890, p. 487 ; Trems. Hoy. Coniimll OeoL Ahr. xii. 1891 ; Prac. 
iSornej-fiel. A rch. Nat. Hint. Hoc. xlvi. (1900). E. Knyser, Neim. Mirh. 1889, i. p. 1R9. 
H. Hicks on the Morte Slates, Q. J. G. H. lii. (1896), p. 254 ; liii. (1897), p. 438; J. W. 
Gregory, (kal. Miir/. 1 897, p. 59. Atinnul Rejports of Gcoloyiml Hurcey for 1 892 and suhsequent 
years. Thci Levouian rocks of Cornwall and Devon have undergone niiudi crumpling 
and dislocation, and have suffered cou.siderable metarnorphism. Their fossils are often singu- 
larly distorted, and mica has been almost everywhere abundantly developcsd in their argillac.eons 
and calcareou.s portions. Much of the so-called “slati; ” or “ killas ” of these districts is a 
lustrous phyllite. On distortion of the fossihs, see D. Sharpe, Q. /. OeoL Hoc. iii. The 
remarkable cataclastic and other superinduced fitriicture-s have been well descrihed by ,1. B. 
Hill, Tmns. Roy. (hmwall CM. NW. xii. 1901. 
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region, thougli tliey served as the type formations of the same geological age elsewhere, 
are much less clearly and fully developed than those of the Eliine country and other 
parts of the continent- It is rather from the sections and fossil collections of Central 
Earope than from those of England that the stratigraphy and pialfeontology of the 
Devonian system are to be determined. 

This system has long been grouped into three divisions, each more or less distinctly 
marked off by its palaeontological characters. In Devonshire and West Somerset these 
divisions are arranged as follows : — 




o 

t-? 


Northern Type. 

Piltoii group. Slates and grits “with 
calcareous seains{»^ 

Athyris concentrim, Prodiictus 
pnislongus, kc. 

Baggy group. Sandstones with Cucvl- 
Imt, slates with Piscina. 

Pickwell-Bown group. Bed, green, 
grey, and purple slates and grits, 
generally uufossiliferous- 

Morte slates, unfossiliferous, passing- 
down into the slates below.^ 


Ilfraconihe slates ; grey silvery slates 
with lenticular impure fossiliferoiis 
limestone, resting on grits and slates 
of Coinhe Martin (JJ'ycUkophyllwn 
cmsjyitosvm., &c. ). 


Hangman grits and slates {Natica, 
MyoLlhia). 

Lynton group, grits and calcareous 
slates {Spui/er hystericus, Ghonctes 
scircinulatus, .&c.) 

Foreland grits and sla*les. 


Southern Type. 

Slates near Ashburton with Sp}irifer 
Vemeuili, &c. 

Slates of Livatoii with Clymenia. 

Eed and green slates with Posiclono- 
mya vemista and abundant 
jLQitomis sermtostriata ( = Cyp- 
ridinen-scliiefer). 

Eed and grey slates with volcanic tuffs. 

Chiidleigh limestone with ircmiatites 
{Gephyroaeras) intwnescens, G. acif- 
tus, G. simplex, Card tola Tetrostriata, 
Rhynchomlla ( Wilsonia) cuhoides, 
R. {Hypothyris) acuminata, A trypa 
reticularis, Spiri/er hijidus, Pro- 
ductus subaculeatus, &c. 

Torquay and Plymouth limestone.s 
passing laterally into slates and 
volcanic rocks {Stringocephahis 
Murtini, Vncites yr'ypJnis, Pawsites 
pmlymovplia, &c.). 

Slates and limestones of Hope's Nose 
{Atrypa reticularis, Kayseria lens, 
^pirifer speciosus, S. curmtus, 
RJiynchoneUa {Wilsonm) cuboides, 
&c. =Calceola beds). 

Slates and grey wadies (Cockingtou, 
Warberry, Meadfoot) with Pleitm- 
dictyuvi probleviaticnrn, Homala- 
noi'iis, Spnnfer cnltrijugatus, iS. 
hystericus, JPterinea costata, &c. 


Lower. — The clay-slate of Looe, Cornwall, has yielded a species oi Pteraspis, also 
Pleurodictyiwz probleniaticitm. The lower gritty slates and limestone bands of North 
Devon contain, among other fossils, Pdvosites (Pachypora) cervicornis, OyoLthophylluon 
TieUaiithoides, Petraico celtica, Pleurodictyuni prodlematicwn, Cyccthocrimis (two species), 
Honutlonotits (two species), Phacops laciniatus, Fenestella antiqua, Airypa reticularis, 
Orth/is arcuata, Spirifer canaMfemus, S. Isevicostus, Pterinea spinosa, &c. The researches 
of Mr. Dssher and Professor Kayser have brought the Lower Devonian rocks of South 
Devon into closer palaeontological relations with their equivalents on the continent. 
Among the species noted by these observers are — Pletcrodiciyicm problematicwn, Ppirifer 
hystericus, S. paradoxus (^nacropteriis), S. cultrijiogcctus, Zeptaena [Strophomena) 
rkomboidalis, PhynchoTLcUa daleidensis, Ghonctes sarcinulata-) C. semiradiata, Pterinea 
costata, Eomalomtus gigas , — an assemblage which resembles that in the Coblenzian 
stage of Ehinelaiid. 

^ Dr. Hicks claimed these slates as Silurian on the strength of some rather doubtful fossils, 
the more probably Devonian age of which was sustained at the time by Professor Gregory. 
It is possible, however, that the Morte Slates do not belong to the part of the system to 
which they have generally been assigned, and that the apparent order of succession in regard 
to them is deceptive. See the papers cited in the footnote on the previous page. 
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Middle. — It is in this division that limestones are best developed and fossils 
are most abundant. Some of the limestones of South Devon are made up q£^ and 

from their lenticular or sporadic occurrence suggest that tliey were acciimiilated as reefs. 
Large masses of limestone rapidly die oiijfc laterally and are replaced by slates. In the 
Ashprington district a thick group of volcanic rocks consisting of breccias and tuffs 
(sehalstein) cand diabasic lavas appears entirel3’' to take tlie place of the limestones. 
These volcanic ejections are traceable for many miles, sometimes dwindling down and 
giving place to limestones or slates, and again swelling out into considerable masses.^ 
They apipear to have been discharged from numerous small vents across the area of south 
Devonshire, but no trace of any similar material has yet been detected in the northern 
part of the comity. 

The palseontological evideiice makes it abundantly clear that the limestones of 
Torquay and Plymouth represent the great Middle Devonian lime.stones of France, 
Belgium, and Germany — the Calcaire de Givet, and the Stiingocephalen-Kalk and 
Calceola-Kalk of the Eifel. Mear Torquay slialy limestones occur containing fossils 
that pdacethem on the horizon of the Eifelian grouper the Calceolabeds of the continent, 
that is, the lower division of the Middle Devonian rocks. Among these fossils are 
Atrypa reticular is, A. aspera^ A. dcsquamcota, Kayseria lens, Stropheodonta {Lepteeua) 
intersirialis, Pentamerus galeobtics, Rhynchonella cichoicles, Spirifer exervatus, S. speciosus, 
Orthoihetes {Streptorhyxiclms) unibracuhtxyi, Productxis sxcbttculcatns, Phacops latifrons, 
Cxyathophyllmn heterophxjlluxii, 0. dcimnoniensc, 0. heliauthoides, Cystiphyllxwi vesi- 
eulomxn, Oalccola sandalioicv, Favosites Goldfxissi, HcUoUtes poroscc, Stromatopora 
concentrica. The massive limestones yield the characteristic fauna of the Givet or 
Stringocephalns limestone including the corals CxjathophxjUmi helianthoides, C. 
damnoniense, CystiphyUmii vesicxUosiom, Alveolites, Fa-vosites polyniorpha, Striatopom 
cleniiculata, Ampliipora ramosa, JPelioUtes porosa, Favosites Gold/ussi, Stromatopora, 
EeceptacxUites Neptwii, Strixigocephalm Bux'tini, Uxidtes gryphus, Magellania {Terc- 
hmtwlct) JYhidbornei, M. jxovenis, Cyrtina heteroclita, Spirifer tindiferus, Rliyxiclionella 
parallelopipeda, i2. ( JYilsonia) cuboides, JK. {Pugiiax) pugnus, Camarophoria Imnmi- 
tonexisis, Pentaynencs hrevirostris, Strophsoclonta iivterstrialis, Procluctus suhaculeatm, 
Cypricardinia, ProUxis, Pronieus, &c.^ 

Upper. — In South Devon Upper Devonian rocks are now known to he well 
developed and to present palaeontological representatives of the several zones which have 
been established in this division on the continent. Three such zones have been recognised. 
Ist. Massive limestones which pass dowm continuously into those of Middle Devonian 
age. They contain Phynchonella ( Wilsonia) cuboides, M. {Hypothyris) acuyninata, Atrypa 
reticularis, Athxjris concentrica, Spirifer hijklus, S. lineatus, ProducHis suhaculeatus, 
Magellaxhia ( Waldheimia) Whidbornei, Merista pleheia, Coyiocardmm, Earpes, Stronia- 
topora EilpscTiii, Actimstroma clathratum (?) &e. 2nd, Goniatite heels which, overl ving 
and passing down into the limestones, are marked by the presence of numerous gonia- 
tites {Oephxjroceras intumesceiis, G. complanatum, Beloceras sagittarium, Tornoccras 
acutum, T. simplex), with Cardiola retrostriata, Myalina sp., Sanguinolaria, Bactrites, 
AveoliUs. 3rd. Cypridina slates, containing ostracods {Bntemis serratostriata) and 
Clymenias (Q. laevigata and other species). These three zones may be paralleled 
respectively with the Frasnien and Fammenien group of the Franco-Belgian area and 
with the Goniatite (Adorf, Iberg) limestone, Cypridina slates and Clymenia limestone 
of the Eifel and Khine. 

In North Devon this palaeontological grouping has not been so satisfactorily made out ; 
but in that region there is an in.sensihle gradation np)wards through various sandy and 

^ Champemowne on the Ashprington Yolcanic Series, /. G. S. 1889, p. 369. 

“ Ussher, Q. J. G. S, 1890, p. 561. E, Kayser, Ifeues Jahrk i. (1889), p. 185. Eev. 

F. Whidborne, ‘A Monograph of the Devonian Fauna of the South of England,’ Monog. 
PalasonL Soc, 
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muddy sediments into tlie Calm or Carboniferous system. Theniicaceous flaggy sandstones 
of Baggy Point contain O^mtllasa^ miilateralis {tmpezmm,. JSardmgii), Pti/chopteria 
dainnonikyisis, Lingula squaTniformis, Liscma, JUiynchonella laticostcc, Strophalosia 
productoides, Spirifer disjunctusy &c. The greenish slates and calcareous hands of 
Pilton near Barnstaple have yielded some characteristic fossils of the uppermost part of 
the Devonian system, such m Petraia celtica, Oyathocrinits pinoicctus, Spiri/er VemeicUi, 
Athyris micentrica, OrthotJutes [Streptorhynchics) crenistria, Prodiictus prmlongus, 
Strophalosia productoides, Lkynchonella {Camarotmchia) Pay'iridgiss, and Chonetes 
Tiardrensu. Remains of land-plants are found in the Upper Devonian rocks of IN'orth 
Devon {Bothrodendron [Cyclostigma) kiltorkeiise, ArcJmopteris {Palmoyteris) }iibe7iiiea). 
The higher red and yellow sandy p)ortions of these rocks shade up insensibly at 
Barnstaple in ITorth Devon into strata which by their fossils are placed at the base of 
the Carboniferous Limestone series. But in no other British locality save in Devon- 
shire can such a passage he observed. In all other places, the Carboniferous system, 
where its true base can be seen, passes down iuto the red sandy and marly strata of 
the U pper Old Red Sandstone. 

The Devonian sedimentary rocks of Devon and Cornwall have been invaded by large 
bodies of granite and smaller masses of various ^‘greenstones” (amphibolites, epi- 
dioriteSj &c.), which have induced a good deal of contact -metamorphism. The intrusion 
of the granites took place after Lower Carboniferous time, since the Culm-measures 
are altered by them (pp. 728, 778). Mr. Hill has also shown that these eruptive masses 
are traversed by a system of joint-planes, and even a rude foliation, indicating that the 
powerful terrestrial movements that had sogi'eatly crushed and disrupted the sedimentary 
formations had not wholly ceased when the gi’anite appeared. The basic eruptive 
masses, on the other hand, appear to have been intruded after these movements had 
come to an end.^ 

Central Europe. — A large tract of Devonian rocks extends across tlie heart of Europe 
from the north of France through the Ardennes, the south of Belgium, Rhenish 
Prussia, Westphalia, and Nassau. But that the same rocks have a much wider spread 
under younger formation.s which cover them is shown by their reappearance far to the 
west in Brittany, ^ and to the east in the Harz and the Thuringer Wald. They present 
a much clearer sequence of strata than their British equivalents, for they can be seen 
in many places to pass down into Silurian strata as well as to graduate upward into the 
Carboniferous system. In the Belgian and Eifelian tracts they have been subdivided as 
under 


Belgium and the North, of France.3 

OFamennien, consisting of two facies, one 
sandy, tlie other shaly. 

(&) Psammites du Condroz (Condrusien), in 
which six zones are distinguished (CacuZ- 
laea. Hardingii, Spinfer Verneuili, Mhyn- 
ehondla, Dumonti, Orthis crenistria, lorifiO' 
ceras simplex, Fhacops laiijrons, Dipterus, 
Asterolepis, JHaloptychius nohilissimis, H. 


Blxiuelaud.^ 

Younger group of Cypridina shales, with Fm- 
tomis (Cypridina) serratostriata, Posidonia 
isenusta, Fhacops a'yptoplithidMUs, and lime- 
stones (Kramenzelkalk) with numerous Cly- 
meuias (C. Isevigata, C. 'imdula.ta, C. striata, 
&c.), and Goniatites. 55oiie of Famdoceras 
Verneuili. 


^ Tram. Boy. Geol Soc. Cornwall^ xii. Part vii. 1901. 

^ A ridge of Devonian, rocks stretches eastward under the Secondary formations of the 
south of England (where its existence has been proved hy well-borings at London), and 
no doubt joins the Devonian area of the Boulonnais. 

® See especially Gosselet’s ‘ Esquisse Ceologique,’ and his great memoir on the Ardennes 
already cited; also C. Barrois, Ann. Soc. Oeol. Nord. xxvii. (1898), p. 2S1. 

^ See E. von Decben, ‘Geol. Palseont. tlhersicht d. Rheinprovinz,’ 18 Sd. R. Romer, 
‘ Das Rheinische Schiefergebirge,’ 1844. E. Kayser, if. D. G. G. vols. xxii. (1870) to xli. 
(1889); AhhaTid. Geol. SpeciaZkarU Preitssen, Band II. Heft 4, 1878 ; op. cit. Neue Folg. 
No. 1, Jahrh. Prmss. Geol. Landesanst. 1881, and subsequent volumes. P. von Sandbexger, 
‘Ueber die Entwickelung der unteren Abtheilnng des Devonischen Systems in Nassau/ 
"Wiesbaden, 1889 ; and papers by Koch, Freeh, Eolzapfel, and others. 
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Belgium and the North of France. Rhineland. 

glganteus, ArchssopteHs hiherivica, Splini- 
opteris Jlacdda, &c.), 

(a) Scliistes de Fanienne, divisible into four 
2 ones (1) that of iSjub'i/tv* distans, (2) of 
ItJiyiu'honeUa hiicnsis, (3) of Ithynchonclla 
Jjmniniti, (4) of Rhynchauclht Oinaliusi. 

I Pras 11 ien, varying in composition and organic Bracliiopod limestone directly overlying tlie 
contents in different parts of the Devonian Middle Devonian limestone, and containing 
§ 1 basins. In the Dinant basin it consists of lihynclionella Guhokks, J{. puynus, It. acmn- 

g (b) SchiHtes de Miitiigiie (Atriip(f reticiilans, inata, Apiri/er Vcrneuiii, C(.wuiropliona for- 

|D Spirifer Verneidli, JihyitGhonella GubouJes^ Frodiictufi siihacidcatus, Gephyruceras 

Curd i non palmaUm, Caviuropkorkitiimuld, (Goniatitrs) intumescens. Iberg limestone of 

Rntomh [Gypridina] scrrato- striata, Bac- Harz, Adorf lime.stone of Waldeck, shales of 

tritf's s)d)(;onieHs, Tornoceras simplex, T. Biidesheim in the Eifel, with Gepliyrocerus 

WidulattLin, Gepliyrocerus iGoniatites\ in- (fionuitites) i)itivniescens, Jthynehonellu cuboides, 

tumeseens). and Cardiola- xetrostriata. ' The prevalence of 

(a) Calcaires et schistes de Frinsiie, shales this Rhynchonella has led to the group being 
and lenticular limestones, sometimes of called the “ Cuboides beds,” and the Goniatite 

great thickness, with abundant fossils has given the name of “Intumescens beds” 

iBronteus Jiabellifer, Gepliyrocerus [Goniu- or “ Gephyroceras zone.” 
tites] intiimesceiui, Spinfer Vermadli, Sp. 
pachyrhynchiis, Sp. orbelimms, Athyris 
conccntrica, Atrypa, reticular'is, Rhyn- 
chonella cuboides, Rentamerus hrevirostris, 

Carnaropli oria formosu , Receptucidites 
, Neptuni). 

/G ive tie n.— The great lime.stoue of the middle (b) Striiigocephalus group, consisting of the 
Devonian series, well seen at Givet, above great Eifel limestone with underlying crinoidal 

Dinant on the Meuse, 400 metres thick. heda (StringocephahisBurtmi, Uncites gryplnis, 

Among the abundant characteristic fossils SpiriJernndatus,Frodmtussuhaculeai.us,Pe.nta- 

are Spirifer medhteMus, >Sp. nndiferus, String- merits galeatiis, Atrypa reticular is, Macrockeilus 

oacphalus Burt ini, Uncites grypJms, Megalodon arculat us, Fleurotomaria delph inuloides, Mur- 

cucidlatus, Murchisonia coromitu, M. bilineata, ahisonia. bilineata, Megalodon cucullatim, and 

Gyathophyllim quudrigeminum, Hcliolites many corals and crinoids). Zone& of Meneceras 

porosa, Agoniatites, Anarcestes. ^ Decheni and Anarcestes Dmlmanni. 

In the basin of Namur the conglomerate of («) Calceola group. —Marly limestones with 
Pairy-Bony lies below the limestone, and con- Athyris conccntrica, Camarophoria micro- 

j tains a band of sandstone with plants (Xeptdo- rhyncha, Atrypa reticularis, Merista plebeia, 

] dendron gas^naniim). Spirifer speciosus, S. curvatm, Fentamcrus 

Eif 6 lien.— Shales (Schistes de Gouvin), with galeatus, Rhynchonella parallclopipeda, Orthis 
Calceola sandallna, Fhacops latifrons, Bronteus striatula, Calceola sandulina, Cyathophylluvi 

jiabellifer, Spirifer curvatus, Sp. subciispidatus, heliantovles, Cystiphylluvi veMcidoswm, Hcllo- 

Sp. elegems, Athyris concentrica, Fentamerus Utes porosa, Alveolites, Favosites, Stromato- 

galeatus, Strophalosia productoides, kc. pora, Fhacops Schlothemi, &c., resting upon 

impure shaly ferruginous limestone and grey- 
wacke, marked by an abundance of Spirifer 
cultrijugatiis, Rhynchonella orblgnyana, Atrypa 
reticularis, Fhacops latifrons, iic. Zones of 
Agoniatites occidtus and Anarcestes subnauti- 
V linvs. 

’'Cobleiizien, composed of grey wacke, sand- Coblenz group (Spirifer sandstone) divisible into 
stones, shales, and conglomerate, having a the three following sub-groups 
united thickness of sometimes 7000 or 8000 (c) Upper greywacke and slate (Coblenz, 

feet, and divisible into five sub-groups as Ems, Daleiden) with Gteriocrinus deca- 

imder : — dactylm, Spirifer auriculatus, S. curvatus, 

5. Greywacke of Hierges with S. paradoxus, Atrypa retievZar is, Chonetes 

(t) Zone of Spirifer cnltrijugatus, Calceola dilaiata, Homalonotus Isevicauda, Cry- 

■sandalina. phmis laciniatus. 

(a) Zone of Spirifer arduennensis, Pterinca (6) Coblenz quartzite probably on the 
lineata. horizon of the Burnot conglomerate in 

4. Red slates of Vireux and conglomerate of the Eifel. 

Burnot. (a) Greywacke with Strophomena laticosta, 

3. Black sandstone of Vireux (Ahrien). Orthis circularis, Spirifer dunensis, Boma- 

3. Greywacke of Montigny with Spirifer lonotus ornatus, H. erasskauda, Fhacops 

paradoxus, Athyris undata, Leptssna. latifrons. 

rhomboidalis (Strophomena depyrssa) Slates (Hundsriick, Tauiius) with numerous 
(Hundsriickien). trilobites (Honudonotiis planus, Dahnanites 

1. Sandstone of Anor (Taunusien). rhenanus, Fhacops Ferdinandi, Cryphmis, 

Gediiinien, comprising an upper group of Orthoceras, Goniatites, ko.). 
shales and sandstones and a lower group of Taunus quartzite, Siegen grauwaeke (Spirifer 
fossiliferous shales, quartzo-phyllades, quartz- primasvus, S.hystericus,Renssd(xria,Tentaculites 

ites, and conglomerates. TJie fossils in the grarulis, Homalonotus Roemeri, kc.). 
lower group comprise Dalmanites, Hmnalo- Sandstones, slates, phyllites, arkoses, ending 
notes RoemeH, Primitia Jonesii, Tentacidites downwards in conglomerates. 
grandls, T. irregydaris, Spirifer Mereuri, Orthis The Lower Devonian series contains the zone 
Veriieitili, \ Pterinea ovalis, &c. The base of of Agoniatites fidelis ami Anarcestes preciLrsor, 
the Devonian .system lies unconformably on and that of Tornoceras inexpectatim. 

^ Cambrian rocks. i 


^ For an account of the Lower Devonian fauna of this region see G-osselet, Ann. Hoc. GM. 
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In the Harz, according to the researches of Romer,^ Lessen,- Kayser, Koch, and 
others,*^ the Devonian system, largely developed, consists of (1) a lower group of 
quartzites, greywackes, flinty slates, clay slates, and associated bands of diabase (classed 
as ‘‘ Hercynian ”), lying above the graptolitic Wieda shales and Tanne greywacke 
(p. 976) ; (2) a middle group composed of [a) Calceola-beds {HpiNf&r cultrijugatus, 
Oalccolcv sandalina) and (1) Stringocephalus limestone, consisting of a lower crinoidal 
band and a massive limestone ; and (3) an upper group consisting of (a) Cuboides- 
beds, limestones and marls, {b) Goniatite shales, (c) Cypridiiia shales. The eastern part 
of the region consists mainly of greywackes and slates which, with their associated igneous 
rocks, attain a great thickness in the Wieda slates. These slates are partly Upper 
Silurian, since they contain a number of simple graptolites, while the limestones under- 
neath yield abundant trilobites {Dctlmcvnites, Cryjoh^t^us, Phacops^ Brontens, Aciclaspis). 

Kepresentatives of the Devonian system reappear with local petrographical modifica- 
tions, but with a remarkable persistence of general palamiitological cliaractei’s, in 
Eastern Thuringia, Franconia, Saxony, Silesia, the north of Moravia, and East Gallicia. 
In Thuringia, where the stratigraphical succession can be traced from Cambrian rocks 
through Lower and Upper Silurian, the Devonian system lies unconformably on these 
older formations, and is represented by (1) a Lower series of calcareous shales with 
TenUtculUes, interstratiiied with bands of quartzite {Nerdtes) at the top, and lenticular 
limestones with Ctcnacantlius at the bottom, and including interstratified diabase lavas 
towards the east ; (2) a Middle series of dark shales, greywackes, and rare limestones, 
but with diabase tuffs and lavas towards the east {Atrypcc retioularis, corals) ; (3) an 
Upper series of nodular limestones with Q!omiititQ^[Oephyrocmisiniumescens, G. rotrormm, 
Pdoceras sagittariam\ various Clymenias ; green and red shales with Posido^iomya veimsta 
and Entomis serrato-strlata. In the eastern i)art of the country this upper subdivision like- 
wise includes numerous interstratified diabase-lavas with tuffs and volcanic breccias.*^ 

In Bohemia, as already stated, the greater part of Barrande’s Stage F and 
the whole of G and H, which he classed in his third fauna or as Upper Silurian, are now 
placed in the Devonian system.’''^ The following table gives the German equivalents of 
his subdivisions : — 

Stage H.j r Upper Stringocephalus beds of the Eifel. Massen-Kalk of Hess(i Nassau. 

Qf Givetiaiu Lower Stringocephalus beds of the Eifel. Odershauaer-Lime.stone of 

stage ill ^ He.sse Nas.sau. 

Eifelian, Calcfiola group of the Eifel. Oiiiiteroder-Linie.stone of Hes.se Nassau. 

A i CoblenzUui, Spirlfcr mUnjuiiatus beds of the Eifel. Ballersbach Limestone of Hesse 
/ Nassau. Greifeiistein Limestone. 

P (part) Lower Devonian. 

Farther east, in the di.strict of Rus.siau Poland, which lies between Sandomir and 
Kielce to the west of the Vistula, a large development of Devonian rocks is to be seen, 
including representatives of all the three divisions. The equivalents of the Ludlow 
rocks already noticed (p. 976) are followed by hard qiiartzose sandstones with numerous 
fossils {S'pirifer auriculatus, S. macropterus, carinatus, S. s%LbcuspidatuSf S. l^evicosta, 
Vhonctes sardnulata, Orthis orbicularis, Taniaculites, Oryplums, &c.), and by a sandstone 
which contains fragmentary fish remains {Psammosteus, Ooccosteics, &c.). The Middle 
division is more fully represented and has yielded a large assemblage of organic remains. 
In its lower half, consisting of sandstones, shales, marls, limestones, and dolomites, there 

Nord. xiii. (1886), p. 292. The spirifers of the Belgian Coblenziaii rocks have been described 
by F. B^clard, Pull. jSoc. Bely. Geol. ix. (1895), p. 129. 

^ ‘ Versteinerungen des Ilarzgebirges,’ 1843; ‘ Rbeiniscli. Uehergangsgebirge,’ 1844. 

- Geologisch. Uebersichtskarte Harz,’ 1881. 

^ See Ahhand. Preuss. Geol. Landesanst. ii. 4 ; iv. 2 ; viii. 4 ; ix. 2 ; Neue Polge, No.s. 

1, 16, 17. 

** Barrois, Ann. JSoc. Geol. Nord. xx. (1892), p. 67. 

® See Professor Kayser’s papers on thi.s subject cited ante, j). 974. 
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occiu’ (Jalccola sandalUuu Atrupa reticularis, Chonctes sarcm%Uata,AtrimjocephalusB'^^^^ 
Pentaiiierus (jaleutus, Brontcas, Fhacops latifronSy PraUns, &c., while in its upper half, 
which includes fetid and other limestones and shales, there are found numerous corals 
and other fossils {Stroinatopont, Aniphiponi ramosa, HclioUtcs 2 ^orosa, Atrypa, reticii' 
laris, A. aspera, StriiitfOGepladits JAirlvni, Aeidasjns, &c.). These strata graduate upward 
into the Upp(;r division, wliich consists largely of sheets of limestone, and shales or 
marl. The lowest limestone has yitddcd upwards of 60 species, among which are Orthis 
striatula, Martinla, iujlata. and JtlufuclumcUu cuhoules, with species of Brontcus, Acidaspis 
and Cyphaspis. A higher limestone contains a number of ceplndopods, Orthoceras, 
Alwnficoceras, (rephyroccras cdlmlifonne, Tornoceras (three species) with Tentaculites 
fmmcincMs, (Jardiola reh'ostriatu. Still higher up are found Enknwis, three species, 
Ph(iC()})s, Trimcrocephaltfs typhlops {Phaco 2 )s cryptophthalnms), Cyrtoaly7iuinia, Goniatites. 
The uppermost strata are spc.(iially characterised by their Clymenias {Oyrtodyvienia, 
Plabjdy’niGnm) and spo(‘i(^s of JCnUmis, and are no doubt the e(piivalcnt of the 0 ypriclina- 
shales and 67v/;nY;m«*limestono.s of (lermany.^ 

Among the crnmpltjd formations of the Styrian Alps, the evidence of organic 
ntmains lias revealeil the presence of Upper Devonian rocks wdth abundant Clymenias, 
IVIiddh*- Devonian limestones with th(5 characteristic Sb'inyoccphahcs and numerous 
corals, and Lower limestones and slates with cephalopods and brachiopods." Perhaps 
ill other tracts of the Alps, as well as in the Carpathian range, similar shales, lirne- 
stoues, and dolomiti^s, though as yet unfossiliforous, but containing ores of silver, lead, 
mercury, zinc, cobalt, and other metals, may be referable to the Devonian system. 

In France and Belgium the. Devonian system has long Ixmn recognised (tabh^, |). 991). 
Its middh^ and ujiptir mmnbers (Civetiaii, Frasnian, Fainenniaii) are. well exposed in 
the Bouloiinais. In N O rm an dy and M a i n e, sandstones (with OHMs AUynnierl), 
are followeil by linK^stones (with Ilomulonotiis, (Byphivus, iPhacops, &c.), and by upper 
greywackes and shales (with Jdmrudi(tyim> In B r i 1 1 a n y also, 

I)e,vonian strata are found, including rcpresentative.s of the Famennian groups with 
Cypridiiias and Coniatiie.s, shales and limestones with Kifelian cephalojuxls, Pieima 
<lictyuin, 2 >r<tldrui((tiai(.‘iii ami Apirifrr cMllrijiajatus, and a series of greywackes, Handstones, 
and sliales with Choneks sarchmlafa, PJutcapa laUfrons, kvA In this region li(;s tluj 
limestone, of Krbray (Loin* Inferieure), so fully describe-d by Barrois, who, from its 
abumlant. cmrals, numerous brachiojiods and gasteropods, and its trilubites of the. g<*m*ra 
(Jalji'mctic, Pharops, Jkt/virm if.es, ProUvs, JIa/rpes, Brouteus, and (Jhei’ruf'us, places it in the 
Gcdiimian group at tin? liase of the Lowm- Diivoniaii seritis, and compares it with the 
Hercynian lim(jHtone.H of the Harz.*^ la the remarkable oasis of ancient rocks which 
has heeu already referred to as forming a conspiinious feature, among the younger 
formations of Languedoc, n^presentatives of the three great divisions of the Devonian 
system have bixni worked out by F. Freeh. ^ Again, the central Silurian zone; of 
the Pyrenees is flanked on the north and south by bands of Devonian rocks (with 
broad- winged spirifers and other (diaracteristie fossils), whicdi bav(‘ beem gr<3atly disturbiKl 

^ (1. Giiricb, ‘ Das Palieozoicum des Poluiseheu Mittelgebirges,' Verh. Buss. Aim. Ges. 
2nd aer. xxxii. (1896), pi>. 1-5519, with map and plates of fossils. This paper is a detailed 
monograph of the older l*aheozoic rocks of Poland, more especially of the Devonian 
formations, with pakiiontological descriptions of the fossils. 

(I. Htache, Z. IK G. G. 1884, p. 358. Freeh, op. cAL 1887, p. 660 (and authors there 
cited) ; 1891, p. 672 ; 1894, p. 446 ; 1896, p, 199, and his ‘ Die Karnlschen Alpen,’ 1894. 

Oelilert, B. S. G. F. xiii. (1884), i>. 6 ; xvii. (1889), p. 742. Barrois, op. cit xiii, p, 7 ; 
A nn. Bor. Qkd, Nord, xiii. (1886), p. 170. 

Barrois, Ann. Boc. G&nl. Nord, iv. xvi. xxvii. 

‘Fauna du Calcaire d’Erbray,’ Mein, Boc. Owl. Aiord, iii. (1889); Ann. Boc, GkiL 
Nord, xiii. (1886), p. 74. 

® Z B, G» a. xxxix. (1887), p. 402. 
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and altered.^ In the Astnrias, according to Barrois, amass of strata about 32S0 fen 
tiuck contains lepreseiitatives of the three divisions of the Devonian series, and has 
yielded an abundant fauna, numbering upwards of 180 species, among which \he eorak 
and bracluopods are specially abuadaat.i In tie Spanish peninsula numerous outcro,K 
01 Devonian rochs have been noticed. ^ 

Throughout Central Europe there occurs, in many p>arts of the Devonian areas 
evidence of coiiteniiooraneous volcanic action in the form of intercalated beds of diabase^ 
diabase- tuft, schalstein, fee. These rocks are conspicuous in the “greenstone” tract of 
the Har 2 , in Niassan, Saxony, l^^estplialia, the Eichtelgebirge, and, as above stated, in 
Thuringia. Here and there the tuff-hands are crowded with organic remains. It is 
also deserving of remark that over considerable areas (Ardennes, Harz, Sudeten- Gebirge, 
fee. ) the Devonian sedimentary formation s have assumed a more or less schistose ehameter, 
and appear as quartzo-phy Hades, quartzites, and other more or less crystalline rocks 
which were at one time supposed to belong to the “ Archaean ” series, but in which 
recognisable Devonian fossils have been found (pp. 709, 800). At numerous places, also, 
they have been invaded hy masses of granite, quartz-porphyry, or other eruptive rocks, 
round which they present the characteristic phenomena of contact -metaniorphism fpp. 
778, 783). These changes may have led to the subsequent development of the abimdant 
mineral veins (Devon, Cornwall, Westphalia, Harz, fee.), whence large quantities of 
iron, tin, copper, and other metals have been obtained. 

Russia. — In the north-east of Europe the Devonian and Old Eed Sandstone types 
appear to be united, the limestones and marine organisms of the one being iiiterstratilied 
with the fish-bearing sandstones and shales of the other. In Eiissia, as was shown in 
the great work ‘ Kussia and the Ural Mountains,’ by Hurchison, De Verneuil, and 
Keyserling, rocks intermediate between the Upper Silurian and Carboniferous Limestone 
formations cover an extent of surface larger than the British Islands.- This wide 
develox^ment arises, not from the thickness, but from the undisturbed horizontal 
character of the strata. Like the Russian Silurian deposits, they remain to this day 
nearly as fiat and unaltered as they were originally kid down. Judged by mere 
vertical depth, they present but a meagre representation of the massive Devonian 
greywacke and limestone of Germany, or of the Old Eed Sandstone of Britain. 
Yet, vast as is the area over which they constitute the surface-roek, it probably 
forms only a small portion of their total extent ; for they rise up from under the 
newer formations along the flank of the Ural chain. It would thus seem that tiiey 
spread continuously across the whole breadth of Russia in Europe. Though almost 
everywhere undisturbed, they afford evidence of terrestrial movement immediately 
previous to their deposition, for they gradually overlap Upper and Lower Silurian roeks. 

Ill the north-western parts of the Empire three lithological groups are the prominent 
constituents of the Devonian series, the lower consisting chiefly of sandstones with sub- 
ordinate marls and clays ; the middle, of limestones and dolomites, and the upper almost 
wholly of sandstones. As these subdivisions are traced into the centre of the country, 
this threefold arrangement ceases to be traceable, the strata being tliere almost wholly 
limestones and dolomites. The sandstones are distinguished by the numbers of fossil 
fishes which they contain, but are poor in shells, only yielding small examples of Lingula. 
The limestones, on the other hand, are crowded with an abundant and varied fauna. 
Those of the middle subdivision in the north-western region have been ranged in four 

^ “ Recherches siir les Terrains anciens des Asturies,” fee., Jfein. ^oc. Geol. Ji'oni, ii. ; 
AnM, .Soc. Geol Ward, vi. (1879), p. 270 ; xii. (1886), p. 124 ; x.x. (1892), p. 61. J. Roussel, 
Bicll. Carte, QioL France, No. 35 (1893). 

- Besides the great work of these three pioneers, the student will find much recent 
iiiformatioii regarding Hussiaii geology in the ^L^noires dtt Coviite Geolog iqite of Russia. 
See for Devonian data T. Tschernychew, vols. i. iii. (a detailed memoir on the lower, 
middle, and upper divisions of the system in the Ural region). 
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horizons. Of these the lowest, which reposes immediately on the sandstones, is marked 
by the occurrence of Ithyoichonellco Meyendorfiij li, limnicct, Spirifer muralis, Stropho- 
meiia productoidcs, Atrypa reticulctriSy Orthis striatula, Aviculopecten Ingrim, JBellerophon 
trilohatiLS, &c. The second platform contains a somewhat different fauna, distinguished 
by the association of Spirifer muralis, S, ArcMaci, and S. tentimlwn. The organisms 
of the third horizon are more distinct and typical, some of the more important being 
Spirifer Verneuili, Cyrtina Jietcroclita, Athyris Hehnersenii, Fawsites polymorpha, 
Gyathophyllmi hexagonum^ Orliculoidea (JDiscina) nitida, Ehynchonellco {Pugnax), 
p%cg%us ; numerous lamellibranchs, as Avicula JBuchii, Fterinca triangidaris, Myalina 
acidirostris, and also Mmxhisonia pusilla, Bellcrophon lincatus, Gomphoccms cyclops, 
Phragmoceras inversum, &c. The fourth horizon is marked by abundance of Hpirifer 
Anossofi. These four divisions are supposed to represent the Stringoceplicdus-limQstoiiQ 
and Oalccola-gvovip of Central Europe.^ 

As was first signalised by Murchison and his associates, a special interest attaches to 
these Russian strata, inasmuch as they display the union of the elsewhere more or less 
distinct Devonian and Old Red Sandstone types. While the calcareous bands contain 
organisms of known Devonian species, the sandstones afford remains of fishes, some 
of which are specifically identical with those of the Old Red Sandstone of Scotland. 
The distribution of these two palreontological facies in Russia was traced by Murchison 
to the lithological characters of the rocks, and consequent original diversities of physical 
conditions, rather than to differences of age. Indeed, cases occur where, in the same 
band of rock, Devonian shells and Old Red Sandstone fishes lie commingled. In the 
belt of the formation which extends southwards from Archangel and the White Sea, 
the strata consist of sands and marls, and contain only fish remains. Traced through 
the Baltic provinces, they are found to pass into red and green marls, clays, thin lime- 
stones and sandstones, with beds of gyi)suin. The lower parts of the series contain 
OsUoUpu^ Diptems, Diplopterus, and Asterolepis {Romosteus)^ while in the higher beds 
HoloptycMus^ Bothriolepis^ and other well-known fishes of the Upper Old Red Sandstone 
occur. Followed still farther to the south, as far as the watershed between Orel and 
Woronesch, the Devonian rocks lose their red colour and sandy character, and become 
thin-bedded yellow limestones, and dolomites with soft green and blue marls. Traces 
of salt deposits are indicated by occasional saline springs. It is evident that the geo- 
graphical conditions of this Russian area during the Devonian period must have 
resembled those of the Rhine basin and Central England during the Triassic 2 )eriod. 
There is an unquestionable passage of the upx')ermost Devonian rocks of Russia into the 
base of the Carboniferous system, but a complete break between them and the highest 
Silurian strata. The lowest parts of the British Old Red Sandstone, containing Ptery- 
gotus, CepJialaspis, Pteraspis, &c. , are wanting. 

Asia. — From the Ural chain eastwards, the Devonian system stretches into the 
heart of Asia. Devonian fossils have been recognised in the region of the Altai, where 
the limestone of Krjukowsk has yielded Phacops altaicus, Rarpes reticidatus, Brooitcus 
sihiricus^ Proetus Oehlerti, Dalmanites, Goniatites {Anarcestes) lateseptatus, Orthoceras 
ulbensCy Flatyceras disjunctum, Meristella ypsolon, Meristina ( IVhitfieldm) tmnida, Athyris 
undata, Spirifer sihiricus, &c. — an assemblage that may represent the Coblenzian group 
of the typical Rhineland series.'-^ Richthofen brought from south-western China a series 
of marine fossils which show the presence there of strata probably referable to Middle 
and Upper Devonian horizons. Out of 28 species named by Kayser, no fewer than 13 
are cosmopolitan, including such familiar forms as Mhynchonella culoides. It. pugmis, 

^ P. N. Wenjukott', ‘ Die Fauna des Devonisclien Systems im iiordwestlichen und centralen 
Russland,’ St. Petersburg, 1886. This paper deals only with the invertebrate fossils, and 
leaves out the distribution of the abundant ichthyolites. 

2 T. Tschernychew, ‘ Materialien zur Keniitniss der Devonischen Fauna des Altai’s,’ 
St. Petersburg, 1893. 
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i ■< iii-'i fii.i tt'i, (vnr. Mt i'intu /i/ehciit, Sph'ifrr 

i ■> < tf^h i't uh ^n^nnuiluttun^ St f'uuluifmitt pnHlutiaiilt'H^ /iultntfita 

l?i !li»* Hilplii i'CliiiMih I b‘V<»{ii;i}i 1 ihv<» Ih'cu from t.lm rixlil- i»ank of 

‘ 14 * I liiii;il riv*'i, rNiniHiini' «»t iiml Itnu'hiojMnlH (FtfroHift's, tUifithdpfiiilhrm, (hifu^i 

^ ySpinfff- S, itrijn nrttis^ Athtfriii (Unit'*’nt t'ii'tff Altupd Iti'iuwhvt'ut 

Horth A..niirici.. rij** n-s <1 <*voIo|m*( 1 in tli«* Nortln'm Slat, «* n, and 

’ i ifs rn rati Miri iuj4 Xova 8» Miia, |4i»-H»’nt>i »»u<*h ^«‘o}n|5icjil iiitcri'Ht in l.hn union wliinh 
3* * ,jf th»» mjur t wii di^t in»i in^raj»hi<*a! ami liiolo^ical lypp.M found in Kurop(!, 

* d till' All^’f’luiuv «'liaiii, llaoti^h iNuui.Hylvaiiia, int<» Now York, t lic. Dovoninn 

^ "f' k i an* lojiiid tu a huim of inarim^ or|.(anihiim ('oinparalilc with 

of ill#. .y di ju of Kurojio. p,ut t»n tin* <‘aHt«'rn alth* of tin* great rango 

* i Silnrifiii hj||<# wo rin'##iiiiit«'r in fin- norlh-oaNtern Sliitos, N<wv linniHwitdc and Nova 
a Hiiror-ihnai «»l M-d .uni y»>lli#w HaudHlutn'H, liinehtonoHi and .sliah^H nearly devnud of 
JOiiiiiif «*i g-ui 3 »'t lull ot land idaut-.#, ami with oeeaHional truoe.s tjf IimIi n’limiiiH.'* 

Ili * niitriiie »«r Iiotunian type ha* hem grouped in the f(»ll<i\ving HulxliviHiouH hy the 
j'l.^dogintM (if X*wv \’'«»rk : 


l/ii'Kit. 

.Minm.t:. 

how K it, 


1 1 at kill lied HiUnUtoin% with h*di retaaiiiM ilJutnptpi'fuHH^ tkv.). 

I <1n*ifuuig Sptrih i' Vfiiu tiiti). 

I Portage group f ( '/i/mniuf }• 

I tome tee group Ittipm h>mtttfi et. rmtuuttfs), 

f Haluiltoii grraip { EtmunipH^ Iltimulnutit ( U'jtphiViti^), 

I Mai'eelhlH group ifttmmtiti'aj. 

1 1 ’ornifersew luiie^tone iSpiri/rr tteuminut uh^ S. f/trifftn’ini^ lint- 
I m*i H J*t‘t*t t ttH t. 

fttinnsdaga liine^itoiie, Sehoharie giit, Cauda -galli grit, MnopiiM alute. 

I (Thin and the ComiferouH limeHtom* are hmi^ket<ul iogetlier an 
the Cpper Ilelderherg group). 

Crr**k«ny *i}inflst#uie * t' Spirifr’r HfumAtt t'ltt uraitlrH), 


hi the Lower Devonian neri#*?*, traeen of terreHtriul plautn {/*Milt)p/i//t<ui, i *((vlitpti'riH, 
k»\ hav«* heen deleeted, even an lar %ve«t Ohio, t’oraln (eyatliophylloid forniH, with 
Sijruiip>p(rrn„ kt\) ahcumd, e?#peejf»lly iu the ( !ornifei*ou.s hitneHtoiH*, perliapM 
Jlie tmwt lemarkfthle «»t eoral-roek in the Ameriean Piiheo/.oie Herien, from 

wiiieli Had gathi'ied a inagnilieent <'olleetion rd' apeeiuieiiN. Among the hrachiopodn 
jirr> Hpei'ieH of /'# i, Strirktmittinitf^ HhifnAtoiu'/tn, and olhera, with the eharne 

foriHtie Knrop#‘aif form Spiri/»‘r ntlt ripujai u and the WJirhhwide Atriipit trtimhtrht. 


^ lliefif liofeii, iv. p. 7a. Ahniidantkv foeuliferoir* Devonian roekn hav«" heen 

found m llie piovin«'e« of amt Kwei Chun (Douvilh*, i'ttmpt, rt-ml, 'JifJth Keh. IhOO;, 

;iiid more re« ently .ntuiie hrdn of anf hrJM'ite iiitei'Miratified among the 'dtale.'# anti liiue?itoiiea 

H #. H. MoSiod, #»//. rif. -ffli Feh, IPdi?. 

* Ihmeral M*M‘shr»n anil ,\Ir. Hudl«"4on, (tmt, Mntj. Ih02, pp. ft, Ilk 

* a aiggi'Hiive papi'j' on ‘ Pahef»z<*if' .S#*a^ and Parriera in Kuiti-rn North Anierien,' hv 
P. *.K VInrh mid C. Hrlmelnut, /;#///. AV/e Pee/.: .'-Va/e J/ia. So, f»lJ flP02), p. ftdJt. 

As already elated Ip. P77i, there is a ilitferenee of opinion among Aim-rlean geologlnt?! 
fi4 to wlier«* fh«» hao.' of fhe ‘^.ydem -diouhl !»e phieed. Proh'-rior If. S. Williams tliinkf^ it 
l«*lweei» the DiWiu' and CpP*'^' of the ori'skany group UiuH, ttmt, .she, Aun’r, .\i. 
p. f{D#| ; Mr. Pro‘jo'r places the hue at the hase of the f’audingalli grit ( /k t\ S, (t, S. 
No. l’J>, f#||i#*r’>, like Dr, J, AI. < ‘lathe and Mr, Si-huehert, would iiedude tlie hower- 

lirlderherg group iVi j|}#» hane of the Hevoniaii i H. (S’nt, Noe, ,D//e/% hi. p, g-Jl ; A/e///. AVe* 
|'V#r/," Sfiift- iin No, .'h IWH):. hi thi'^ Memoir hr. t'lurke fully the (>ri*dinny 

ether reernt papefi Dy thin ahh* pala-ontohigiHi will he found in the /htl/Ain of the 
s;iinit MuHeuiin Son. .'IP, Dh n’J. .See aho hi'n pajH'r oil the Cmauita, Ithaea, ami Portaio* 
iMfiiiatifUl ill ir»i'/# ,1/Oi, /Ny», Shift' fSxtnifi if, St in goe/,', l.Hp.*>. 
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The trilobitcs iiicliule the f(eiu‘.ra liahnanites^ PriHtuH^ianl lh jji;iiir« *4 !i‘ h» 

occur in tlic OornifrsrouK gr(ni]>, roiiKistiii^; of uml m! > » i' 

and hyhodont ])la{^()i<lH, with plates, hones, and teeth nf soine pi'i-uliar i.l/^ 

pctalicMhys, Onydunim). 

In the Marctillus shale, Hamilton ImmIh, ainl (lem^Hi'e ‘hale jcinain i i4 l uet i l iii! 
occur, but niiKth less ahumlanlly than anioiJjT t he roek-iof New Hrun aviek. h i‘*| • - 

arc especially nurmu’ous arnoii'j; the sandy beds in the eenire *4 tie- I ley 

comprise, as in ICuroja*, many broini winp;ed .spiriters S. it> muif nn | i, . *a :!|j 

Hpe(;ies of /VrW/^r/la.s’, P/ioHff.rs, Af/it/r/s, kr. The earlient Ameih Mn yuiri-sfifr j h.si* * , , j, 
noticed in tluise. Iteds. 

Th (3 Portaf^e and ('ln‘mnn^ gnaipH in the Knsfein distriets have yiehie l lord pi 0*1 
and fueoids, also sonn^ erinoids, imimaoiiH bn>ad \vin;»ed HjatifeiH, with Ave rd.r ord >. 
few other lanudlihranehs, but in \V<*Hteni Xew York n mow abundaiit p» I jye P*m. * 
(Najiles) is pn^sented, esjastially rich in t^oniatifes ■ J/fO/d’eotv e )"!, nnmrjMy ! 
{rrphyrovrniSf Prahclun rits, //e/oee/v/s, AW/zd/e /v/'e/’oef’/v/s, 7'o^ . /;o iiei « i - 

inenias {(JyrtocliinH'.ni(t)J These strata consist of Hhah”^ and lamina!* »| ?4aiei’d‘ Se , v I,; ii 
attain a- niaxinium thiekness of upwanls of *JdOO fe»’j, bip die lOst ♦ nJirely I'lttiud’ ?!* 
interior. They pass U)> insensibly into a iiotHH «ff r« d s.uid ton. and eonyl.^m j d* » 
— the. (latskill orou]>," whie.h is ‘iUOn <»r tlOhO teet tliiek in the r'a dull Meointaiii n ecid 
thiz^keiiH alon/' tlie Apj»ala<*hian re^don to hOOO or iJfMHJ Un i. red ai» t I * 

hear a atrikinf^ Himilarity in their litliolo^deal and biol»i|*ii-id rhane !e}.4 !*♦ ih* «»jd It* I 
Sandstone of Kurope, As a whole they are uiifoHsilih'rotiH, bn! thev Inive yi« id* d - '.ne 
ferns like those of the HpjMU' Old Red Sandstone of Iii-land and S^ otlind J/ ; 
/dherntru and a nundiei' of Ameriean Hj»et*ieH, t*n, t\t .| nomr rh u a' y» < * i t 

of jfish, Jhlhridlrpis^ Ilulaptiyhiits^ ftlyj^npittnny,, /ojift-ctry -o*// < >, ml ♦ »zi’ 

laincllihraneh ehisely n'semhlinfi: the Iiinh Afitiiiyfuto or Fioifi Idol 

Slialcj of Ohio at tin? toj» (d' the system and imniediately below fh*- bi} ;»* of il*- i in . j,| 
fm’ouH aeries, t in* jL^i^antie fishes were obtained to wlueb reli r^ in e %\m m:eh- p, t 
De.vonian fornintions nol^ only si rz'teh over the »-4'4*i'n pail *4' ih*- .onfjnuu b--iu 
Canada into iiortlnTii New Knghtnd and throned* the States^ of N» w \‘ork and P* i:uv%i 
vania into Wiwl. Vir|j;inia, hut to the -went of th** A|»palaeid;iit re|»nm lliry ^pjr.j'l 
Ohio and Miehi^an ini<» IllinoiM, Missoiin, and Iowa. They leappsui in f’*.?-* !<* 
west of the Rocky Mountaijis, being displayed in Nevada sn a ma**'# i4 iimr.‘ie».ii.r<' rnoif* 
feet thick, folhiwed hy shales and f)uart/:it«% and with a lemarkable Himd-:ir}!y »4 
from hottorn to top, though aomi* Lower Devonian foinis are f.amd m tlir.' h,w*'U kon 
feet and Upper forms in the highest [uirts. The Hv^tem exIemU »,ti|| farPhrr 
California, where Home of its Hme stones are true eoral reef'i, a»>sf»riafed wdb fslA*--'- .u-l 
sehist-H, and are believed to lie about tlie platform of the < Mriiifenais i»ioiip of tbr 
region or the base of the Midiih? Devonian si^riim. They e-oniain sp-M*-:.' ».i /'io ..vUr 
(fyatliophylluiii^ /ityrridariii, AirrniiitM^ Hyrhpytp^^ro, ,1/ . C, 

mniw, Jiellfritpfum^ (hihotrrfin, kvA The Devonian formal ion.^ mf Nrw V‘*oi ..od 
Pennsylvania cross into Canada, where they spreznl over a wide traef tu .ind luiu 

yielded an abundant series of marine Ibs-HiD, the Cornif»*ronH and Ifamiltoji 
particularly wuill de.vclopwl. They extend imtoHs liie diHliei. of Krewatin, il.i 
and Houth-wcHtidMamcH Bay, then northwards through Hnd-^oij'H Ihiy to I- 


‘ d. M. ('darke, “The Naples Fauna, with m \lv-Urfi, ^ 

York,” lB//r Avifi. /by;. N/ob* itruUnjini^ Xttr y»A\ 

On this group wee J. J. Htevenson, /Vee. .H/ev, ,J ..■>****. xh ^^91 , Vi-rr Prr.-eir jc'..- ^ 

to Gcol. Section; Juuni. Set. xivi, p. TtO. S, II. Djirbui, *yi nf, G:,, 1 1 ^ 

1>, 20M. Messrs. J. M. Clarke ami Hciniehert have a ff'vi-'«'d r'|'|;i*5||i, of “ii,* v. |,. 

of the ohler Pala*o7.oie formatioiiH c»f New York, S tru.e, ’H9ii , p. Si7 |, 

** d. S. Hiller and C. Kchiichert, Aotre. Jneer^. ,S-?. %lvn. ■'I -^91;, p I HI ,h py. 

Bull. r.S. a. S. No. 120blM»l . 
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land and westward into Manitoba, the JTorthwest Territories and the chain of the Rocky 
Mountains. In the Middle and Upper groups of Manitoba, which are highly fossiliferous, 
a number of forms occur which cannot at present be distinguished from European species 
{Gladopora cervicornis, Productellco iwodiictoides^ Stringocephcclus Rurtini, Atrypct reticu- 
laris,'^ &c.). 

Australasia. — In New South Wales, the presence of Devonian rocks was deter- 
mined by W. B. Clarke from the evidence of fossils. The thickness of strata (sand- 
stones, quartzites, conglomerates, shales, and limestones) is in some places estimated at 
not less than 10,000 feet, passing down into Silurian and upwards into Carboniferous 
strata. Among the numerous fossils are many forms familiar in .corresponding strata 
in Europe and North America, such as Cyathophyllum damnoniense, Farosites reticulata, 
F, fibrosa, F. Goldfussi, Eeliolites porosa, Chonetes languessiana {hardrensis), Orthis 
striatula, Rhynclwnella pleurodon, R. pugnus, Atrypa reticularis, Bpirifer Verneuilifi 
In Victoria, certain limestones found at Bindi, on the Tambo river, and elsewhere, haVe 
yielded characteristically Middle Devonian fossils, including Favosites Goldfussi, 
Bpirifer Isevicostatus, Chonetes australis, and a placoderm fish. With these rocks are 
associated contemporaneous felsitic lavas and tuffs. Other strata are referred to the 
Upper Devonian series.^ 

Rocks, which may be of Devonian age, play an important part in the structure of 
New Zealand. They are the oldest known rocks in the North Island, and are 
said to reach a thickness of from 7000 to 10,000 feet in the South Island, but as they 
are highly folded their dimensions may not be so great. They have yielded some 
brachiopods {Bpirifer mspertilio), and are said also to contain Eomalonotus expansus, 
and some plant remains. They are pierced by granite, near which in some places they 
are traversed by gold reefs. 

II. OLD RED SANDSTONE TYPE. 

§1. G-eneral Characters. 

Under the name of Old Red Sandstone, is comprised a thick series of 
red sandstones, shales, and conglomerates, intermediate in age between the 
Ludlow rocks of the Upper Silurian series and the base of the Carboniferous 
system in Britain. These rocks were termed ‘‘ Old ’’ to distinguish them 
from a somewhat similar series overlying the Coal-measures, to which the 
name ‘‘New’’ Red Sandstone was applied. When the term Devonian 
was adopted it speedily supplanted that of Old Red Sandstone, inasmuch 
as it was founded on a type of marine strata of wide geographical extent, 
whereas the latter term described what appeared to be merely a British 
and local development. Tor the reasons already given, however, it is 
desirable to retain the title Old Red Sandstone as descriptive of a 
remarkable suite of deposits to which there is little or nothing analogous 
in typical Devonian rocks. The Old Red Sandstone of Europe is most 
characteristically developed in the British Isles. It was probably deposited 
in separate areas or’ basins, the sites of some of which can still be traced. 
The diversities of sediment and of organic contents of these basins point 

^ J. F. Whiteaves, Address to Sec. E. Amer. Assoc. 1899. 

- See the authors cited on pp. 979, 980. 

^ R. A. F. Murray, ‘Victoria: Geology and Physical Geograidiy,’ 1887. 

Hector, ‘ Handbook of New Zealand,’ p. 36 ; F. W. Hutton, Trans. Nm Zealand 
Inst. (1889), p. 163. 
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to the absence, or at least i*are oceuiTenrc, of any diri*c-t ruiiiiiiniii^ af i«,ii 
between them. Nevertheless tlu^ [)res(ni<*<; of some of the same ^ *4 
fishes in difierent basins, and also in inarim* I)ov()tiian str’ala a! a di 4 ;iiiee, 
probably indicates that from tiim^ to time orj^cinisniH did |>aHs bet w t en 
these more enclosed waters ami the. open sea. It wa.s maiiitaiiied liiaiiV 
years ago l)y Fleming and still mon* {‘.'cpiieitiy by < bidwin Am4eii, aod 
was afterwards (oiforced hy A. (*. Ramsay, that these bas ins were Itiki * 
or inland seas, ddie eharaeter of tln^ strata, the abstoiee uf iiia*i|iiiveH’ali\ 

1 marine fossils, the i)resen(M‘, of land i>lants, myriapixis, and nnirnTnu - gaiinid 
;fishes, which havcj tlua'r modern r< 4 )r(*s(*ntativ(‘H in riv(*rs and lakej4, 4 

;and support this o])inion, which has ]>(*en gen(*nilly adopted by geologic ' 
The red arena(;eous a, ml marly strata which, with their finli remain^ am! 
land-plants, occupy a (h‘])th of many thoiiHaml feet hetweiai the fop of !h»' 
Silurian and tli(5 base of the ( ’arbonibu'oiis sy.stems, are regarded a ^ the 
deposits of a senes of Ial<(*s or inland seas fonn('d by the uprise of porfioii - 
of the Silurian sea-floor, ami usually cut f»ff from the f^pjoi sra, u hieh, liow 
ever, may have gained oiaaisional ace<*Ks to t hem. The hmgth of time tfiii iog 
which these enclosed hasins must hav<‘ exist eel is shown, mif only by the 
thickness of the (le{) 0 sitH formed in them, hut by tln^ roin|»|cte eliiiii,ge 
which took place in tln^ marine life between tin* Sihirian and ( ’arbonifeioiii 
periods. The ])rolific fauna of tin*. Wenloek ami I.mlhnv nn’ks wasdii%« ii 
away from western Furope hy tlu‘, gcM>graphi<’al re\olnfioiiH which, aiiioijg 
other changes, productul thf^ laluj-hasiuH of tin* Old Ih*d Sandstfnie. \\ Inuj 

a marim^ population crinoids, corals, atnl sIicIIh once more tiVfi'f*|tie;nl 

that area, it was a completely <litlcntnt one. So thor*iugh a change iiiiiH! 
have demanded a, long interval of time. 

Rockh.—As shown by the name of the type, red f^andHfoiie ih fhe 
predominant roc.k. The. eohaur varies from a light brick r»'d to a 
chocolate-brown, and occasionally passes into green, yelhov, or 
tints. The sandstones are for the most part gramdar siliceoim rock o 
wherein the cornpotient grains of clear (|Uartz arc eoateil jimi Indd to 
gether by a crust of earthy ferric oxiflc. In no part of the g«*o!ogii,i| 
record is the prevalence f»f this red rnat«*rial more iniirked tliaii in fJir 
Old Red Sandstom?. The conditiems that led to tlie pre<‘ipital!oii *4 tld^ 
oxide in such (juantity are m»t yet well nnderstoisl. ■ Scat tered pebble . nt 
quartz or of various crystalline rocks are frecpumtly iiofic‘eaf»le among the 
sandstones, and this character aflbnls a passage into congloiiicmlF, Th** 
latter rock forms a conspicuous featnri^ hi many bfld Red »Sa«d^toiie di% 
tricts. It varies in thiekfiess fi^orn a mere thin layer up tf» hijcr-ch^ivr 
massive beds, having a united thickncHS of sevmvil \hoUHami fe«i. Tbr* 
pebbles vary much in competition, consinting of qmirtz, quart /if 
grcywackc, granite, sy^miU*, quartz -porphyry, gneiss, feiHiii*, nr Hilin 
durable material, and their varying nature serves to ilisf iiiguish 
bands of conglomerate from others. They are of all sizes up to bhirdri 

‘ For aluHt()ry f»f opinirei mithiM 4iihj|.rt. HH? A. (o, Biin. %\%iu, p. .‘iOi 

puMlm, p, 1000. Mr. I, Uummi’U Ihiil ju tli»« loapirif v <4 r;r»r''. tin- 

oxide wan depoHited during tin* Huhaerial di-oiy i*r tin* fpnii wlicd, !||»* *,r,|ini» ^4 voi 

derived. B. U. S. (i. S. No. 52 (18=Siq, 
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eight feet or more in length. They are sometimes tolerably angular, 
particularly where the conglomerate rests upon schists or other rocks which 
weather into angular blocks. In the upper Old Red Sandstone, thick 
accumulations of subangular conglomerate or breccia recall some glacial de- 
% posits of modern times (p. 1011). The stones in the conglomerates are 

generally well rounded, sometimes indeed remarkably so, even when they 
are a foot or more in diameter. The larger blocks are usually more angular 
fragments that have been derived from rocks in the immediate neighbour- 
hood. The smaller rounded stones have often come from some distance ; 
at least it is impossible to discover any near source for them. Bands of 
red and green clay or marl occur, in which seams and nodules of corn- 
stone may not infrequently be observed. Here and there, too, the sand- 
stones assume a flaggy character, and sometimes pass into fine grey or 
olive-coloured shales and flagstones. Organic remains occur in some of 
these grey beds, but are usually absent from the red strata, though in 
some of the conglomerates teeth, scales, and broken bones of fishes are 
not uncommon. In the north of Scotland, peculiar very hard calcareous 
and bituminous flagstones are largely developed, and have yielded the 
chief part of the remarkable ichthyic fauna of the system. In Scotland, 
also, contemporaneously erupted andesites, diabases, agglomerates, and tufls 
^ play an important part in the petrography of the Old Red Sandstone, 

seeing that they attain a thickness in some places of more than 6000 
feet, and form important ranges of hills. They point to the existence of 
extensive volcanic eruptions from numerous vents in the inland basins in 
which the sediments were accumulated. 

Life. — No greater contrast is to be found between the organic con- 
tents of any two successive groups of rock than that which is presented 
by a comparison of the Upper Silurian and Old Red Sandstone systems 
of Western Europe. The abundant marine fauna of the Ludlow period 
disappeared from the region. As soon as the red rocks begin, the fossils 
diminish in number and soon die out. But the geographical changes 
probably took place slowly. The peculiar conditions under which the 
red sediments were laid down began to show themselves while the 
Upper Silurian fauna still flourished in the waters, so that some of the 
uppermost fossiliferous Silurian strata (Downtonian and Tile-stones) are 
quite red. 

Some traces of the aquatic plants that grew in the fresh-water lakes 
have been detected. An abundant fossil, originally referred to the 
vegetable kingdom and named Parka by Fleming, was afterwards con- 
sidered to be more probably the egg-packets of the large crustaceans 
j which abounded in these waters. More recently, however, this organism 

f has been carefully studied by Sir J. W. Dawson and Professor D. P. 

^ Penhallow, who came to the conclusion that it represents what were 

aquatic plants with creeping stems, linear leaves, and sessile sporocarps 
bearing two kinds of sporangia.^ On the land that surrounded the lakes 
or inland seas of the period, there grew the oldest terrestrial vegetation 
of which more than mere fragments are known. It has been scantily 
^ Trans. Roy. /Soc. Camada^ ix. (1891), sect. iv. pp. 3-16. 
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preserved in the ancient lake-bottoms in Europe ; more abundantly in 
Gasp6 and New Brunswick. The American localities yielded to the long- 
continued researches of Sir J. W. Dawson more than 100 species of 
land-plants. They are almost all vascular cryptogams, lycopods and ferns 
being largely predominant. Among the equisitaceae are Asterocalamites, 
C alamo cladus, Amiularia, and Pinmilaria. The lycopods include Lycopodites, 
Leptophleum^ Lepidodendron, Psilophyton (Fig. 386, especially characteristic), 
Arthfostigma, and Bothrodendron (Cydostigma). The ferns belong to the 
genera Ardimpferis {Palmopttens)^ Newropteris, Sphenopteris, Aneimites, 



Fig. S.sh— Pailophyton robiistum, Dawson. Lower Old Red Sandstone, Perthshire. 

Drawn by Mr. B, Kidston. 

a, specimen of the xdant ^ nat. size ; l>, fructification ; n, empty spore-cases. 

Alethopteris, Megalopteris} Higher forms of vegetation are represented by 
the Cordai tales, which include Cordaites^ Araucarioxijlon (Dadoxylon),''^ &c., 
and are now regarded as synthetic types, since they possess the characters 
of both the Coniferse and Cycadofilicales. So abundant are the vegetable 
remains in certain districts of the Old Red Sandstone that in some layers 
they actually form thin seams of coal. 

The interest of this flora is heightened by the discovery of the fact 

^ See note -3, p. 1013, on tlie plant-beds of St. Jolm, New Brunswick, from wliichi so 
rich a flora, supposed at first to be Devonian, was obtained. 

2 Mem. Geol. Survey Canada, 1871 ; op. cit. 1878 ; Q. J. G. S. 1881, p. 299 ; 
‘ Acadian Geology,’ 2ncl edition. 
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that tlif iirijiH-val furcHte were not without tho hum of insect life. 
Anciciii i-.-lii-H of iiiHoet foruiB, which have been recovered from the 
IX'vt.niaii Ntruta of X.-w HruiiKwick,! include both orthopterous and 
ri.-uroptorouH witiKs, and liavo lioen regarded by Mr. Scudder of Boston 

* as . omliining a remarkable union of characters now found in distinct 
nnii-fH of in.Hects. In one fragment ho observed a structure which he 
fould only ^■olnjKtre to the stridulating organ of some male Orthoptera. 
Another wing imlieattw the existence of a gigantic Ephemera, with a 
hjiiead of wing e.>:tiniding to five inches. The Lower Helderberg rocks 
of New \ ork. whitth by some gcsologists are placed in the Devonian 
system (p. '.I77), htivc furnished two genera of scorpions {Palxoplumus &nA 

of tnyrkpodn in the forests of this ancient period has 
hfi*ii sliown hy Mr. F>. N. Peach, who finds that the so-called Kampecaris, 
|ir«*viiiuHly ro^^ar‘dt*d m a larval form of isopod crustacean, really contains 
two i4«»ii<*ra {KfUtippf'tins, Arrkidrmim) of chilognathous myriapods differing 
frtmi other known f(»rniH, fossil and recent, in their less differentiated 
Hirurtnr<*, each body segnHjnt lining separate, and supplied with only one 
pair of widkiifg logs." There were also pulmoniferous shells, of which 
^ oni* HpjM'ioH (SfnfphifftH (jt'dndmm, Dawson) occurs in the plant-beds of St. 

* dohfi, Xow Brmmwick/^ 

The water-hasins of the Old Kcd Sandstone might he supposed to 
Ihhjii, <»n tint whole, singularly devoid of aquatic life, inasmuch as 
i^o large a pnqMirtion of tho red sandy and marly strata is unfossiliferous. 
In Honio (d the hasiiis where tho sediments are not red and sandy, it is 
♦'videiit tliat life? was extremely abundant, as is shown, for example 
hy tin* vast f ( nan ti ties of fossil fishes entombed in the grey bituminous 
llagHtcjneH of (‘aithiK^Hs and Orkney. It may be observed also that 
wliart‘ grey shales occur intercalated among the red sandstones and 
i'oiiglfanin'ateH they are often full of plant-remains, and may contain also 
iidit hyolites and othvx fossils which are usually absent from the coarser red 
Hediinents. Tiiere would appear to have been occasions of sudden and 
iridimpread dcjstruction of fish-life in the waters of the Old Hed Sandstone, 
for platforms occur in which the remains are thickly crowded together, 
yi!t so entire that they could liot have been transported from a distance, 
arnl must have heem covered over with silt before they had time to decay 
iirid undergo much separation of their plates and scales (p. 828 ). 

An interesting confirmation of the view that these basins were isolated 
is supplied liy the occurrence of what is believed to he the oldest lacustrine 
or fiuviatile mollusk yet known, Am,nigenia {Anodonki^ Archanodon) JuJeesii. 
^ This shell has lieen found in the Upper Old Ked Sandstone of Ireland and 

Eiigkntl associated with land-plants {AreJumpteris, Sphenopteris, Bothroden- 

* For a «ynopsiH of all known species of fossil in.sects up to the year 1890, see B. U.S, O. S. 
No. 71, 1891. 

^ Prof, Rat/, Ph]/s. Soc. Edin. vix. (188*2), p. 179. 

Bijc the note on p. 1013 regarding the age of the.se plant-beds. If found in the Carboni- 
ibrous portion, the shell mentioned in the text mu.st be removed from the list of Devonian 
or Ohl l{t*d Sandstone fossils. 






Fig. 387. —Lower Old Red Sandstone Fishes. 

a, Cephalaspis Lyelli, Ag. (side view), restored by Professor Ray. Lankester ; h, Osteolepis inicrolepi- 
dotns, Sedgw. and Murch., restored by Dr. Traquair; c, Dipteriis Valenciennesii, Sedgw. and 
Murch., from a sketch by Dr. Traquair; d, Coccosteus decipiens, Ag. ; r, Mesacanthus (Acaii- 
thodes) Mitchelli, Eg., Forfarshire, from a .sketch by Mr. B. N. Peach. 

by land-plants and fishes (Holonema), while another species has been 
found in Eussia. The shells resemble the modern Unio. 

The fauna of the Old Eed Sandstone consists pre-eminently of ostra- 

^ B. B. Newton, Oeol. Mag. 1899, p. 245 ; J. M. Clarke, Bull. Mew York Ytate Mus., 
No. 49 (1901), p. 199. 
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coderms and fishes (Figs; 387, 388). Among these the Ptenis])is survived 
fqr a while from Upper Silurian times. With it there lived other forms 
(Eolaspis) and genera of the allied family of the Cephalaspidse. Of the 
genus Cephalaspis^ upwards of ten species are known, the largest of 
which {C. magnified), from the Caithness flags, measures 12 inches in 
breadth. The ancient Dipnoi, which still survive in a few forms in some 
African and Australian rivers {Protopterus, Cemtodus), were represented in 
the lakes of the Lower Old Red Sandstone by the abundant Dipterus, and 
in those of the Upper by Phaneropleuron. The 
Elasmobranchs were represented by the acan- 
thodians, distinguished by their strong spines, 

{Mesacanthus [Acanthodes], Diplacanthus, Cheira- 
cantJms), Some of the most bizarre forms 
were such ostracoclerms as the Pterichthys (Fig. 

388), Aderolepis, and Bothriolepis. The order 
Crossopterygidse, so remarkable for the central 
scaly lobe of their fins, and represented at the 
present time by Polypterus, swarmed in the 
waters, some of the most characteristic genera 
being Tristichopterus, Gyroptichius, Ghjptolepis, Osteo- 
lepis, Tliursius, and Diplopierus, which are found 
in the Caithness Flagstones of Scotland, and 
Glyptopomus and Holoptychius, which are character- 
istic of the Upper division of the system. The 
order Arthrodira, which comprises the family of 
the coccosteids, includes the type genus Coccosteus, 

Phlycf^naspis, and the gigantic Homosteus {Astero- 
lepis of Hugh Miller, but not of Eichwald). This 
latter form appears to have been the largest fish Ag.). 

of the period in the European area, its massive 

cuirass-like head -shield sometimes measuring twenty inches in length 
by sixteen in breadth. Ganoids were represented by some small 
sturgeon-like fishes (Cheirolepis) in the fauna of the earlier portion of 
the period in Scotland (Lake Orcadie), while in the Upper Old Red 
Sandstone there were selachians of the genera Psammosteus and 
Cosmacanthus} The Dinichthys already referred to (p. 988) as occurring 
in the Devonian rocks of North America was probably one of the largest 
and most formidable of these early fishes. Its head alone, encased in 
strong plates, attained a length of three feet, and was armed with a 
powerful apparatus of teeth. 

A few eurypterids are met with in the Old Red Sandstone, especially 
of the genera Eurypterus and Pterygotus (Fig. 384). The species of the 
former are small, but one of the latter, P, anglicus, is found in Scotland, 
which must have had a length of five or six feet. Other genera are 
Eurypterella, Slimonia, and Stylonurus. Phyllopods allied to the modern 

^ Traquair, GeoL Mag. 1888, p. 507, and “ The extinct vertebrata of the Moray Firth area” 
in Harvey Brown and Buckley ’.s ‘Vertebrate Fauna of the Moray Basin,’ 1896. M. Lohest, 
Ami. Sue. Geol. Belg. xv. (1888), p. 112. Whiteaves, Qanacl. Nat. x. Nos. 1, 2 (1881). 
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brackish-water Estlieria alDOund in the Caithness flagstones, in north-west 
Eussia and in the Catskill group (New York). Ostracods 
Isochilina, Beyrichia, or iJrepanella ?) occur in Scotland. Phyllocarid 
genera are found, especially in the upper part of the system, in the United 
States (EchinocariSj JPqAmcaris, Eleiitherocaris, Elymocaris, Trojndocaris). 


§ 2. Local Development. 

Britain. — Murchison, wlio strongly advocated the opinion that the Old Red Sand- 
stone and Devonian rocks represent different geographical conditions of the same i)eriod, 
and who had with satisfaction seen the adoption of the Devonian classification hy 
Continental geologists, endeavoured to trace in the Old Red Sandstone of Britain a 
threefold division, like that ■which had been accepted for the Devonian system. He 
accordingly arranged the formations as in the subjoined table : — 

^ f f Yellow and red sandstones and conglomerates (Bothriolepis [formerly 
g . jhh IHerichthps'j maJor, JB)lu 2 )tpchiusnobUissinius,kc.) = I)ma.DeiihQdii. 

I "S A ( Orey and blue calcareous and bituminous flagstones, limestones, and 

^ ^ "o S ■! ^6d sandstones and conglomerates {iJijyterns, Osteolepis, Homosteuti, 

"o J ^ si 6', &c. ) = Caithness flags. 

"A ^ f Red and purple sandstones, grey sandy flagstones, and coarse con- 

Is \ glomerates {CepJialasxjis, Pteraspis, Pienjgotus) = Axhxoixi)i flags. 

It is important to observe that in no district can these three subdivisions be found 
together, and that the so-called ‘‘middle’' formation occurs only in one region — the 
north of Scotland. The classiflcation, therefore, does not rest upon any actually ascer- 
tained stratigrapliical sequence, but on an inference from the organic remains. The 
value of this inference will be estimated a little farther on. All that can be affirmed 
from the observed stratigraphy is that a great physical and palfcoiitological break can 
everywhere be traced in the Old Red Sandstone of Scotland, dividing it into two 
completely distinct series.^ A similar hiatus will not improbably be discovered in the 
Old Red Sandstone of South Wales. 

As above remarked, the Old Red Sandstone, where its strata arc really red, is, like 
other masses of red deposits, singularly barren of organic remains. The physical con- 
ditions under which the precipitation of iron-oxide took place are not easily explained, 
but were evidently unfavourable for the development, or at least for the fossilisation, 
of animal life in the same waters. Ramsay connected the occurrence of such rod 
formations with the existence of salt lakes, from the bitter waters of w'hich not only iron- 
oxide but often rock-salt, magnesian limestone, and gypsum were thrown down.'-^ He 
pointed also to the presence of land-plants, footprints of amphibia (in Permian and later 
formations) and other indications of terrestrial surfaces while truly marine organisms are 
either found in a stunted condition or are absent altogether. We have seen that where 
the strata of the Old Red Sandstone, losing their red colour and ferruginous character, 
assume grey or yellow tints and pass into a calcareous or argillaceous condition, they 
not infrequently become fossiliferous. At the same time, it is worthy of remark that 
red conglomerates, which might be supposed little likely to contain organic remains, 
are occasionally found to be full of detached scales, plates, and bones of fishes. 

^ A. G., Q. J. G. S. vol. xviiu (1860), p. 312. 

® Professor Gosselet contends that the precipitation of iron might quite well have taken 
place ia the sea, and he cites the case of the Devonian hasiii of Dinant, where tlie same 
beds are in one part red and barren of organic remains, and in another part of the same 
area are of the usual colours, and are full of marine fossils. But the red colour of the Old 
Red Sandstone is general, and is accompanied with other proofs of isolation in basins (p. 1000). 


SECT. iii. II. § 2 OLB BED MNDBTONE 1007 


The Old Red Sandstone of Britain, according to the author’s researches, consists of 
two subdivisions, the lower of w^hich passes down conformably into the Upper Silurian 
deposits, the upper shading off in the same manner into the base of the Carboniferous 
system, while they are separated from each other by an uuconformability. 

1. Lower. — Red sandstones, conglomerates, flagstones, and associated igneous 
rocks, passing in some places conformably down into Upper Silurian formations, 
elsewhere resting un conformably on Dalradian or other older rocks — Pachytheca, Parka^ 
Kam'pecariSj Eurypterus, Ptcrygotus, Cephalaspis, Mescccanthusj Isclinacantlms {Diplor- 
canthus), Climcotius, Thelodus^ &c. 

In a memoir on the Old Red Sandstone of Western Europe, the author proposed 
short names for the different detached basins in which the Lower Old Red Sandstone 
was accumulated.^ The most southerly of these (the Welsh Lake) lies in the Silurian 
region extending from Shropshire into South AVales. Here the uppermost parts 
of the Silurian system graduate into red strata, not less than 10,000 feet thick, which 
in turn pass up conformably into the base of the Carboniferous system. This vast 
accumulation of red rocks consists in its lower portions of red and green shales and 
flagstones, with some white sandstones and thin cornstones ; in the central and chief 
division, of red and green spotted sandy marls and clays, with red sandstones and 
cornstones ; in the higher parts, of grey, red, chocolate-colom*ed, and yellow sand- 
stones. with bands of conglomerate. Ho uneonformability has yet been proved in any 
part of this series of rocks, though, from the observations of De la Beclie and Jukes, it 
may be suspected that the higher strata, which graduate upwards into the Carboniferous 
formations, are separated from the underlying portions of the Old Red Sandstone by a 
distinct discordance. ^ 

Although, as a whole, barren of organic remains, these red rocks have here and 
there, more particularly in the calcareous zones, yielded fragments of fishes and 
crustaceans. In their lower and central portions remains of Cephcclaspis, Didymaspis, 
PtemspiSj and Cyathaspis have been found, together with eurypterids of the genera 
StylonuriLS, Pterygotus^ the crustacean Prearcturus^ and obscure traces Qf plants. The 
upper yellow and red sandstones contain none of the cephalaspid fishes, which are 
there replaced by BothrioUpis and PColoptychius, together with A'imiigenia {Anodonta) 
and distinct impressions of land-plants. In some of the higher parts of the Old Red 
Sandstone of South Wales and Shropshire, Berpula and Cmiidaria occur, but these are 
exceptional cases, and point to the advent of the Carboniferous marine fauna, which 
doubtless existed outside the British area before it spread over the site of the Old Red 
Sandstone basins. 

It is in Scotland^ that the Old Red Sandstone shows the most complete and 
varied development, alike in physical structure and in organic contents. Throughout 
that country the system is found to be distributed in distinct basins of deposit, in each 
of which, where fully developed, it consists of two w^ell-marked groups of strata, 

^ A. G., 'Trans. Roy. Soc. Edin. vol. xxviii. (1879). 

2 De la Beche, Mmi. GeoL Surv. vol. i. (1846), p. 50. J. B. Jukes, ‘ Letters, &:c.’ (1871), 
p. 508 ; letter to A. C. Ramsay, dated 1857. Symonds, ‘Records of the Rocks’ (1872). 
Hughes, Brit. Assoc. Rep. (1875), sects, p. 70. The Geological Survey is now engaged in 
revising the maps of South Wales and may succeed in determining the detailed stratigraphy 
of the Old Red Sandstone in that region which, in its western part, is somewhat complicated. 
Up to the present time, however, no definite break in the stratigraphical sequence of th^ 
formation has been detected. Summary of Progress for 1901. 

^ See Agassiz, ‘Poissons du Vieux Gres Rouge.’ Hugh Miller’s ‘Old Red Sandstone,’ 
and ‘Footprints of the Creator.’ J. Anderson’s ‘Dura Den.’ Huxley, Decade tl. of M&ni. 
Geol. Surr. 1861. Explanations Geol. Surv. Scotland, sheets 14, 15, 28, 24, 32, 33, 34 ; 
Geol. Sun\ Memoirs on “Central Fife,” 1900, and “East Fife,” 1902 ; author’s memoirs cited 
on this and the previous page, and ‘Ancient Volcanoes of Great Britain,’ Book Y. 
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separated from each other by a strong unconforniability and a complete break in the 
succession of organic remains. There is sufficient diversity of lithological and palieonto- 
logical characters to indicate that these several areas were on the whole distinct basins, 
separated both from each other and from the sea. The interval between the Lower and 
Upper Old Red Sandstone was so protracted, and the geographical changes accomplished 
during it were so extensive, that the basins in which the late parts of the system were 
deposited only partially corresponded with those of the older lakes. 

Of the basins in which the Lower division of the system was deposited the most 
important (Lake Caledonia) occupies the central valley, between the base of the High- 
land mountains and the Uplands of the southern countie.s. On the north-east, it 
presents a series of noble cliff-sections along the coast-line from Stonehaven to the 
mouth of the Tay. On the soutli-west it ranges by the island of Arran and the south 
of Canty re across St. George’s Channel into Ireland, where it runs almost to the western 
seaboard, flanked on the north, as in Scotland, by hills of crystalline rocks, and on the 
south chiefly by a Silurian belt. Both divisions of the Old Red Sandstone are here 
typically seen. The lower series of deposits attains a maximum depth of perhaps 
20,000 feet, and everywhere presents traces of sliallow- water conditions. The 
accumulation of so great a thickne.ss of sediment can only be explained on the supposition 
that the subterranean movements, which at first ridged up the Silurian sea-floor into 
land, enclosing separate basins, continued to deepen these basins, until eventually, 
enormous masses of sediment had slowly gathered in them. This massive series of 
deposits passes down conformably in Lanarkshire into Upper Silurian rocks ; elsewhere 
its base is concealed by later formations, or by the unconforniability with which different 
horizons rest upon the older rocks. Covered unconformably by every rock younger than 
itself, it consists of reddish-brown or chocolate-coloured, grey, and yellow sandstones, red 
shales, grey flagstones, coarse conglomerates, with occasional bands of limestone and 
cornstone. The grey flagstones and thin grey and olive shales and ‘‘ calmstones” are 
almost confined to Forfarshire, in the north-east part of the basin, and are known as the 
‘‘ Arbroath flags.” One of the most marked lithological features in this central Scottish 
basin is the occurrence in it of extensive masses of interbedded volcanic rocks. These, 
consisting of andesites, dacites, diabases, agglomerates, and tuffs, attain a thickness of 
more than 6000 feet, and form important chains of hills, as in the Peritland, Ochil, and 
Sidlaw ranges. They lie several thousand feet above the base of the system, and are 
regularly iiiterstratitied with hands of the ordinary sedimentary strata. They point to 
the outburst of numerous volcanic vents along the lake or inland sea in which the Lower 
Old Red Sandstone of Central Scotland was laid down ; and their disposition shows that 
these vents ranged themselves in lines or linear groups, parallel with the general trend of 
the great central valley. The fact that the igneous rocks are succeeded by thousands of 
feet of sandstones, shales, and conglomerates, without any intercalation of lava or tuff, 
proves that the volcanic episode in the histoiy of the lake came to a close long before 
the lake itself disappeared.^ As a rule, the deposits of this basin are singularly iinfos- 
siliferous, though some portions of them, particularly in the Forfarshire (Arbroath) flag- 
stone group, have proved rich in remains of cmstaceans and fishes. Nine or more species 
of crustaceans have been obtained, chiefly eurypterids, but including one Or* two 
phyllopods. The large pterygotus {P. anglicus) is especially characteristic, and 'must 
have attained a great size, for some of the individuals indicate a length of 6 feet, with a 
breadth of li feet. There occur also a smaller species (P. minor\ two EuTyjjteri and 
three species of Stylonurus. Upwards of twenty species of fishes have been obtained, 
chiefly from the Arbroath flags, belonging to the groups Acanthodii and Ostracodermi 
(Fig. 387). One of the most abundant forms is the little McsacantMis (Acanthodes) 
Mitchclli. Another common fish is IscJinacanthus {DqdacantlmLs) gracilis. There occur 

^ A. G., Presidential Address, Q. J. G. >81 1892, p. 62 mi. Tliis volcanic history is moro 
fully discussed in ‘Ancient Volcanoes of Great Britain,’ Book v. 
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also Climatius sciUiger, C. reticulatus, 0, unmuttus, G. Macnicoli, 0. grmulis^ C. gracilis, 
Parexus incurvus, Gephalasjpis Lyellii, Pteraspis MitclielU, and tlie curious sliark-like 
genus Thelodus, which survived from Uj>per Silurian time. Some of the sandstones and 
shales are crowded with indistinctly preserved vegetation {Paehytlieca, &c.), occasionally 
in sufficient quantity to form thin lamince of coal. The egg-like impressions known as 
Parka decipicns and referred to on p. 1001, also abound in some layers. In Forhirshire, 
the surfaces of the shaly flagstones are now and then covered with linear grass-like 
plants, like the sedgy vegetation of a lake or marsh. In Perthshire, certain laj^ers 
occur, chiefly made up of comyn'essed stems of Psilopliyton (Fig. 386). The adjoining land 
was doubtless clothed with a flora in large measure lycopodiaceous. 

On the northern side of the Highlands lies another still larger basin (Lake Orcadie), 
but only a portion of it emerges above the sea. Skirting the slopes of the mountains 
along the Moray Firth and the east of Eoss and Sutherland, it stretches through 
Caithness and the Orkney Islands to the southern part of the Shetland Group. It 
may possibly have been at one time continued as far as the Sognefjord and Dalsfjord 
in Norway, where red conglomerates like those of the north of Scotland occur. It 
.may even have ranged eastwards into Russia, or at least have had a water-channel 
connecting it with that region, for, as already stated, some of its most character- 
istic fishes are found also among the Ru.ssian Devonian formations. Its strata are 
typically developed in Caithness, where they consist chiefly of the well-known dark- 
grey bituminous and calcareous flagstones of commerce. These lie uncon formably upon 
various crystalline schists, granites, &c., and must have been deposited on the uneven 
bottom of a sinking basin, seeing that occasionally even some of the higher platforms are 
found resting against the more ancient rocks. The lower zones consist of red sandstones 
and conglomerates, which graduate upward into the flagstones. Other red’ sandstones, 
however, supervene in the higher parts of the system. The total depth of the series in 
Caithness has been estimated at upwards of 16,000 feet. Murchison w'as the first to 
attempt the correlation of the Caithness flagstones with the Old Red Sandstone of the 
rest of Britain. Founding upon the absence from these northern rocks of the cephalaspi- 
dean fishes characteristic of the admitted Lower Old Red Sandstone in the south of 
Scotland and in Wales and Shropshire, upon the presence of numerous genera of fishes 
not known to occur elsewhere in the true Lower Old Red Sandstone, and upon the 
discovery of a Pterygotus in the basement red sandy group of strata, he concluded that 
the massive flagstone series of Caithness could not be classed with the Lower Old Bed 
Sandstone, but must be of younger date. He supposed the red sandstones, con- 
glomerates, and shales at the base, with ijhQiv Ptcrygotus, to represent the true Lower 
Old Red Sandstone, while the great flagstone series with its distinctive fishes was made 
into a middle division, answering in some of its ichthyolitic contents to the Middle 
Devonian rocks of the Continent. It must be admitted that the fauna of Lake Orcadie 
is unlike that of Lake Caledonia, while the identity of some of the northern genera with 
those elsewhere found in middle or even upper Devonian horizons is so far in favour of 
Murchison’s view. On the other hand, considered from the tectonic side it is difficult to 
believe that the similar Old Red accumulations on the two sides of the Gram}>ians, now 
only a few miles apart, can belong to widely different periods. Long contiiiued isolation 
in separate basins would lead to great changes’ in the faunas of these areas, and the 
conditions for biological development, if w’e may judge from the abundance of the fish 
remains, were more favourable in the northern than in the southern waters. A few of 
the genera specially distinctive of the Lower Old Red Sandstone do occur in the Moray 
Firth area {Pterygotus, Cephalaspis, Mcsacantlms, and perhaps Parexus). Moreover, the 
Lake Orcadie flagstones and fish-beds are overlain unconformably by the undoubted 
Upper Old Red Sandstone, -with its characteristic fishes, so that they occupy a strati- 
graphical position identical with that of the unquestioned Lower Old Red Sandstone 
on the south side of the Highlands. More than sixty species of fishes have been obtained 
from the Old Red Sandstone of the north of Scotland. Among these, the genera 
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Qlmwgmnihmy Cheirolepis, Coccosteus, Diplacantlius, JDiplopterus, Dipterus, Ghjptolepis, 
Gyr§pty$M%(s, Hcmiacanthits, JEConioslcus, MesacantTiiis, Osteolepis, PalveospondyUis^ 
FtericMhy^ (several species), RhadUmcctoithus and Thursius are specially characteristic. 
Some of the shales are crowded with the little phyllopod crustacean Esthcria memh'an- 
and the largest species of CcphaZaspis {0. magnlfica) comes from this basin. Land- 
plants abound, especially in the higher groux)s of the flagstones, where forms of 
Fsilophyton, Lcpidodcndron^ Stigmaria, Sigillarict (?), Calamites and Cycloptcris, as well 
as other genera, occur. In the Shetland Islands, ti*aces of abundant contemporaneous 
volcanic rocks have been observed.^ These, with the exception of two trifling examples 
in the region of the Moray Firth, are the only knoAvn instances of volcanic action in the 
Lower Old Red Sandstone of Lake Orcadie. 

A third basin in which the Lower Old Red Sandstone was deposited extends through 
the district of Lome in the west of Argyllshire. The rocks in that area consist in 
large measure of andesitic and trachytic lavas and tuffs, but with some underlying and 
intercalated shales, sandstones, and conglomerates. From these strata an interesting 
series of organic remains has been obtained near Oban, including a new species of 
Cephalaspis {C, lorneiisis), McsacantMis, Thelodns (?) ; several genera of ostracods 
{ApcircMtes, Isocldlina, and Bcyrichia or Drepanella ?), Pterygotics (like P. Anglicus) ; two 
species of chilognathoiis myriapods {Kampecaris and Archidesvms) and plant-remains, 
some of which are allied to PsilophytonP The researches of the Geological Survey, 
which have brought these organisms to light, have also determined that the younger 
granites of this region have invaded and altered various members of the Lower Old 
Red Sandstone, and thus that some portions of the great intrusive bosses of the High- 
lands are not older, hut may be younger, than the Lower Old Red Sandstone.^ 

Another basin of accumulation of the Lower Old Red Sandstone lies in the east of 
Berwickshire, and includes the Cheviot Hills. Its materials are again largely of volcanic 
origin (andesitic lavas and tuffs, &c.), but they include strata containing remains of plants 
and Pterygotus. It is interesting to notice that in this tract also the volcanic rocks 
have been invaded by a granitic boss. Not improbably here and in the Highlands 
these intrusive masses were connected with the closing phases of the volcanic period, 
like the great cones of granophyre and granite among the Tertiary basalts of the inner 
Hebrides.^ 

‘2. Upper.— -This division consists of red sandstones, deep -red clays or marls, 
conglomerates, and breccias, the sandstones passing into yellow' or even white. These 
ittata, wherever their stratigraphical relations can be distinctly traced, lie unconformably 
upo-n every formation older than themselves, including the Lower Old Red Sandstone, 
while, on the other hand, they pass up conformably into the Carboniferous rocks above,' 
As already remaiked, they were deposited in basins, which only partially corresponded 
with those wherein the Lower Old Red Sandstone had been laid down. Studied from 
the side of the underlying formations, they seem naturally to form part of the Old Red 
Sandstone, since they agree with it in general lithological character, and also in con- 
taining some distinctively Old Red Sandstone genera of fishes, such as Pothriolepis, 
Coccosteus, and HoloptycUus ; thou gh, approached from the upper or Carboniferous 

1 A. C., Trans. Roy. Soc. Edin. xxviii.. (1878), p. 345 ; Presidential Address, q. J. Q. S. 
xlviii. (1892), p. 94; ‘Ancient Volcanoes of Great Britain,' chap. xxi. (1898), pp. 383, 
865. Peach and Horne, Proc. Roy. Phys. Soc. Edin. v. (1880) ; Trmis. Roy. Soc. Edin 
xxxii. (1P4), #. 3#9. J. S. Flett, op. cit. xxxix. 

2 ‘Ancient Volcanoes of Great Britain,' i. p. 341 ; Summary of Progress of Qeol. Surv. 
for the years 1897-19CH ; H. Kynaston, Trans. Edin. Geol, Soc. viii. (1900), p. 87. 

See specially the work of Mr. Kynaston in Summary of Progress for 1901 and 
previous years. 

0. T. Clough, “Cheviot Hills," Geol. Surv. Mem. Sheet 108 N.E. (1888). J. J. H. Teall, 
Geol. Mag. 1883. ‘Ancient Volcanoes of Great Britain,' i. p. 336. 
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direction, they might rather he assumed as the natural sandy base of that system into 
which they insensibly graduate. On the whole, they are remarkably barren of organic 
remains, though in some localities (Dura Den in Pife, Lauderdale) they have yielded 
a number of genera and species of fishes, crowded profusely through the sandstone, as 
if the individuals had been suddenly killed and rapidly covered over with sediment. 
Among the distinctive fossils of the Upper Old Red Sandstone are species of 
Asterolepis, Bothriolepis (formerly confused with Pterichthijs), Coccosteus, Conchodus^ 
Cosmaccmthus^ Glyptopomus^ Gyroptychius^ Holoptychius (four or more species), Phancro- 
pleiiron^ Phyllolepis^ Polyplocodus and Psccmmostcm. 



Fig. 389.— Section showing the relation of the two divisions of the Old Red Sandstone in Hoy, 

Orkney Islands. 

1, Caithness flagstones ; 2, zone of lavas and tuffs lying on red sandstones and conglomerates ; 

3, two volcanic necks marking the sites of eruptive vents; 4, Upper Old Red Sandstone, with a 

volcanic zone near its base. 

This subdivision is well developed in Central Scotland (Fife, Lothians, Berwickshire, 
Ayrshire), where it forms the conformable base of the Carboniferous system and lies 
transgressively on older formations. In the north of Scotland, along the lowlands 
bordering the Moray Firth, yellow and red sandstones, containing characteristic Upper 
Old Red Sandstone fishes, are well developed. In the island of Hoy (Orkney) they 
can be seen to lie uncon formahly on the Caithness flags and to include some intercalated 
diabase and tuff, which mark the only known volcanic episode in the Upper Old Red 
Sandstone of England or Scotland (Fig. 389). In these northern tracts, the same 
relation as in the central counties is thus traceable between the two divisions of the 
system.^ 

In the north of England sandstones and conglomerates representing the ordinary 
type of the Upper Old Red Sandstone emerge from underneath the Carboniferous 
formations, and lie unconformably on Sililrian rocks and Lower Old Red Sandstone. 
Some of the brecciated conglomerates have much resemblance to glacial detritus, and it 
was suggested by Ramsay that they have been connected with contemporaneous ice- 
action.- Such are the breccias of the Lammerinuir Hills, and those wdiich show 
themselves here and there from under the overlying mass of Carboniferous strata that 


^ A. G-., Trans. Roy. Soc. Eclin. xxviii. (1878), p. 405 ; ‘Ancient Volcanoes of Great 
Britain,’ i. p. 350. 

2 The examples of supposed glacial striae on the pebbles in these breccias may he merely 
frictional markings connected with faults or internal movements of the rocks. But the 
forms of the pebbles, their moraine-like unstratified or rudely-stratified accumulation, and 
the occurrence of aggregated lumps of breccia in the midst of fine sandstone strongly remind 
one of the familiar features of true glacial deposits. Compare H. Beusch, on similar evidence 
from the Palaeozoic rocks of Norway, Norges Qeol. UndersUg. Aarhog. 1891, and A. Stralian 
q. J. O. S. liii. (1897), p. 137. 
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Still farther north more complete evidence of the northward extension of the Old 
Ked^ Sandstone has been found in Spitzbergen, where both the Lower and Upper 
divisions of the system are represented by their characteristic fossils. The Lower 
section is marked in the red micaceous sandstones and cornstones of Dickson Bay by 
the occurrence of Pteraspis, Ccphalaspw, Acantliaspis, and other genera, while the 
Upper is indicated by the strata of Mimers Valley, containing Psammosiciis, Aster 
Onijchodus and teeth, scales, and plates, ■which may be referable to Holoptycliins^ Sauri- 
pterus, and other forms. ^ 

North America. —It is interesting to observe that in North America representatives 
occur of the two divergent Devonian and Old Red Sandstone tyx')es of Europe. The 
American Devonian facies has already been referred to. On the eastern side of the 
ancient pre-Cambrian and Silurian ridge, which, stretching southwards from Canada; 
separated in early Paheozoic time the great interior basin from 'the Atlantic slopes,, -we 
find the Devonian rocdcs of New York, Pennsylvania, and the interior represented in 
New Brunswick and Nova Scotia bj'^ a totally different series of deposits. The contrast 
strikingly recalls that presented by the Old Red Sandstone of the north of Scotland and 
the Devonian rocks of North Germany. On the south side of the St. Lawrence, tlie 
coast of Gaspe shows rocks of the so-called “Quebec group” u neon form ably overlain by 
grey limestones with green and red shales, attaining, according to Logan, a total thick- 
ness of about 2000 feet,^ and in some bands replete with Upper Silurian fossils. They 
are conformably followed by a vast arenaceous series of deposits termed the Gaspe Sand- 
stones, to which the careful measurements of Logan and his colleagues of tlie Canadian 
Geological Survey assign a depth of 7036 feet. This forniatioii consists of grey and 
drab-coloured sandstones, with occasional grey shales and hands of massive con- 
glomerate. Similar rocks reappear along the southern coast of New Brunswick, where 
they attain a depth of 9500 feet, and again on the opposite side of the Bay of Eundy. 
The researches of Sir J. W. Dawson, already referred to, have made known the remark- 
able flora of these rocks.'^ Some of the same plants are said to occur in the Devonian 
rocks to the west of the Archmau ridge, and thus to afford a presumption of tlie con- 
temporaneity of the deposits on the two sides. Associated with tlie vegetation are the 
remains of insects, myriapods, arachnoids, and a scorpion, togetlier with two species of 
land-snails. In recent years a considerable number of fossil fishes have been obtained 
from two localities in New Brunswick, which prove beyond question that the rocks 
containing them represent the Old Red Sandstone of Eurojie. In the lists, as published, 
there is a commingling of lioth Lower and Upper fornns. From Campbellton, at the 
head of the Bay of Chaleur, liave been olitained Oepliah(S})is (two s])ecies), Phbjctivnaspis, 

paliiozoisclien Flora der arktisehen Zone,’ Srensl'. VeL Akad. llantUvncj. xxvi. No. 4 (1894) ; 
‘Zur oberdevoiiischen Flora von Bareii-Insel,’ op, at, xxxvi. No. 3 (1902); IhtH. GeoL Inst. 
Upsala, No. 8, iv. Part ii. (1899). 

^ E. Ray Lankester, Svensk. Akad. Ilandlhirj. xx. (1S84), No. 9. A. S. Woodward, Awi. 
Mag. Nat. Hist. viii. (1891). 

- ‘Geology of Canada,’ p. 393. Tlie probable limits of the lake or lagoon in which the 
Oneonta sediments were laid down (with tlieir Esther in innnhranacea, and Amnigenia 
catskillensis) are lieing traced liy some of the geologi.sts of New York State, who have 
suggested a connection between that slieet of water and the lakes of Nova Scotia and 
Gaspe. Papers by Messrs. J. M. Clarke, E. 0. Ulrich, and C. Schiichert in recent Bulletins 
of the New York State Museum (1900-2). 

Fossil Plants of the Devonian and Silurian Formations of Canada,” Geol. Aurr. Canada^ 
1871. There appears, liowever, to be .some difference of opinion as to the stratigraphical 
position of some part at least of the flora which is found at St. John, New Brunswick. 
Regarded l^y Dawson and others as undoubtedly Devonian, it has more recently been 
claimed as Carboniferous, and the .strata containing it to be the equivalents of the Rivers- 
dale series of Nova Scotia. See J. F. Whiteaves, Address to Sect. E. Amer. Assoc. 1899. 
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G^vacantliuSj Cheiracctnth'LiSy AcanthodeSy ProtoduSy Diplodus, together with PsUophyton, 
ArthrostigMCty Leptophla&UTriy Cordaites, and Prototaxiics. This assemblage resembles 
that of the Caithness flags. From Scanmenac Bay comes another species of Cephalaspis, 
also Acanthodes, BotliriolepiSy Smumenmia {Phaneropleuro7i), GlyptoUpu, and Eustheno- 
pteroTh (allied to the TristicJiopterus of Caithness). Here Cephalaspis^ which in Europe 
is a characteristic genus of the older part of the system, is placed with BothriolepiSy 
which is only found in the younger part. Some more detailed stratigraphical research 
ill this region would seem to be desirable.^ 


Section iv. Carboniferous. 

§ 1. General Characters. 

This great system of rocks has received its name from the seams of 
coal which form one of its distinguishing characters in many parts of the 
world. Both in Europe and America it may be seen passing down con- 
formably into the Devonian and Old Red Sandstone. So insensible indeed 
is the gradation in many consecutive sections where the two systems 
join each other that no sharp line can there be drawn between them. 
This stratigraphical passage is likewise frequently associated with a 
corresponding commingling of organic remains, either by the ascent of 
undoubted Devonian sjDecies into the lower parts of the Carboniferous 
series, or by the appearance in the Upper Devonian beds of species which 
attained their maximum development in Carboniferous times. Hence 
there can be no doul^t as to the true place of the Carboniferous system in 
the geological record. In some places, however, the higher members of 
this system are found resting unconformalily upon Devonian or older 
rocks, so that local disturbances of considerable magnitude occurred be- 
fore or during the Carboniferous period. It is deserving of notice that 
Carboniferous rocks are very generally arranged in basin-shaped areas, 
many of which have been wholly or partially overspread unconformably 
by later formations. This disposition, so well seen in Europe, and 
particularly in the central and western half of the continent, has in some 
eposes been caused merely by the plication and subsequent extensive 
denudation of what were originally wide continuous sheets of rock, as 
may be observed in the British Isles. But the remarkable small scattered 
coal-basins of France and Central Germany were probably from the first 
isolated areas of deposit, though they have suffered, in some cases very 
greatly, from subsequent plication and denudation. In Russia, and still 
more in China and western North America, Carboniferous rocks cover 
thousands of square miles in horizontal or only very gently undulating 
sheets. 

Rocks. — The materials of which the Carboniferous system is built 
up differ considerably in different regions ; but two facies of sedimenta- 
tion have a wide development. In one of these, the marine type, lime- 
stones form the prevailing rocks, and are often visibly made up of 

^ See the Address of Mr. Wliiteaves just cited, and the references there given. 
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organic remains, chiefly encrinites, fiprals, foraminifera, and mollusks. 
According to Dupont’s researches in the Carboniferous Limestone of 
Belgium there are two main types of limestone: (1) the massive lime- 
stones formed by reef-building corals and coralloid animals, and disposed 
in fringing reefs or dispersed atolls, according to their nearness to or 
distance from the coast of the time ; and (2) the detritic limestones, mainly 
consisting either of an aggregation of crinoid stems or of coral-d6bris, 
and often stretching in extensive sheets like sandstone or shale. ^ The 
limestones of l^qth types assume a compact homogeneous character, with 
black, grey, white, or mottled colours, and are occasionally largely 
quarried as marble. Local developments of oolitic structure occur 
among them. They also assume in some places a yellowish, dull, finely 
granular aspect and more or less dolomitic composition. They occur in 
beds, sometimes as in Central England, Ireland, and Belgium, piled over 
each other for a depth of hundreds of feet, and in Utah for several thou- 
sand feet, with little or no intercalation of other material than limestone. 
The limestones frequently contain irregular nodules of a white, grey, or 
black flinty chert (phtanite), which, presenting a close resemblance to the 
flints of the chalk, occixr in certain beds or layers of rock, sometimes 
in numbers sufficient to form of themselves tolerably distinct strata.^ 
These concretions are associated with the organisms of the rock, some of 
which, completely silicified and beautifully preserved, may be found im- 
l)edded in the chert. Dolomite, usually of a dull yellowish colour, 
granular texture, and rough feel, occurs both in beds regularly inter- 
stratified with the limestones and also in broad wall-like masses running 
through the limestones. In the latter cases, it is evident that the lime- 
stone has been changed into dolomite along lines of joint ; in the former, 
the dolomite may be due to contemporaneous alteration of the original 
calcareous deposit by the magnesian salts of sea- water, as already explained 
(pp. 4*26, 530). Traced to a distance, the limestones are often found to 
grow thinner, and to be separated by increasing thicknesses of shale, 
or to become more and more argillaceous and to pass eventually into 
shale. The shales, too, are often largely calcareous, and charged with 
fossils ; but in some places assume dark colours, become more thoroughly 
argillaceous, and contain, besides carbonaceou.s matter, an impregnation 
of pyrites or marcasite. Where the marine Carboniferous type dies out, 
the shales may pass into coal or ironstone, associated with sandstones and 
clays. In Britain, abundant contemporaneous volcanic rocks are pre- 
served in the Carboniferous Limestone series. 

The second facies of sedimentation points to deposit in shallow 
lagoons, which at first were replenished from the sea, but afterwards 
appear to have been brackish and then fresh, or in lakes into which 
coarse and fine detritus as well as vegetation and animal remains were 
washed from neighbouring land. The most abundant strata of this type 
are sandstones, which, presenting every gradation of fineness of grain up 

^ BRL Acad. Roy. Bely. (3) v. 1883, No. 2. Bee also the papers on reef-knolls by Mr. 
Tiddeman, cited p. 1041. 

- Renard, Bidl. Acad. Roy. Bely. (2) xlvi. p. 9. 
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to pebbly grits, and even (near former shore-lines) conglomerates, are 
commonly yellow, grey, or white in colour, well- bedded, sometimes 
micaceous and fissile, sometimes compact ; often full of streaks or layers 
of coaly matter. Besides the existence of pebbly grits and conglom- 
erates pointing to shallow water and comparatively strong currents of 
transport, there occur in different 23arts of the Carboniferous system 
scattered pieces and even blocks of granite, gneiss, quartzite, or other 
durable material which lie imbedded, sometimes singly sometimes in 
groups, in limestone, sandstone, and in coal. Various explanations have 
been proposed to account for these erratics, some writers having even 
suggested the action of drifting ice.^ The stones were most j^robably 
transported by floating plants. Seaweeds, like our living Fiicns, with 
their rootlets wrapt round loose Ifiocks might easily l)e torn up and 
drifted o\it to sea, so as to transjDort and drop their freight among corals 
and crinoids living on the bottom. But more usually trees growing on 
the land would envelop soil and stones among their roots, and if blown 
down and carried away l)y storms and floods might bear these with them.^ 
Next in abundance to the sandy sediment came the deposits of mud 
now forming shales. These occur in seams or bands from less than an 
inch to many yards in thickness. They are commonly black and carbon- 
aceous, frequently largely charged with joyritous impregnations, sometimes 
crowded with concretions of clay-ironstone. Coal occurs among these 
strata in seams varying from less than an inch up to several feet or yards 
in thickness, but swelling out in some rare examples to 100 feet or more. 
A coal-seam may consist entirely of one kind of coal. Frequently, how- 
ever, it contains one or more thin layers or “ 2 )artings” of shale, the 
nature or quality of the seam being alike or different on the two sides of 
the parting. The same seam may be a cannel-coal at one part of a 
mineral field, an ordinary soft coal at a second, and an ironstone at a 
third. Moreover, in Britain and other countries, each coal-seam is 
usually underlain by a bed of fire-clay or shale, through which rootlets 
branch freely in all directions. These fireclays, as their name denotes, 
are used for pottery or brick-making. They api^ear to be the soil on 
which the plants of the coal grew, and it was doubtless the growth of the 
vegetation that deprived them of their alkalies and iron, and thus made 
them industrially valuable. In the small coal-basins of Central France 
the coal is dispersed in banks and isolated veins all through the Carboni- 
ferous strata. Clay-ironstone occurs abundantly in some coal-fields, both 
in the form of concretions (sphaerosiderite) and also in distinct layers from 
less than an inch to eighteen inches or more in thickness. The nodules 
have generally been formed round some organic object, such as a shell, 
seed-cone, fern-frond, &c. Many of the ironstone beds likewise abound 
in organic remains, some of them, like the “ mussel-band ” ironstone of 

^ For reniarks on the climate of the Carboniferous period see2^ostea, p. 1019. 

For accounts of these travelled stones in Carboniferous rocks see especially D. Stiir, 
Jahrb. Geol. Reichsanst. xxxv. (1885), p. 613, and tlie authorities cited hy him. W. S. 
Gresley, Geol Mag. 1885, p. 553 ; Q. J. G. S. xliii. (1887), p. 734. V. Ball, op. cit. xliv. 
(1888), p. 371. 
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Scotland, consisting almost wholly of valves of Jnthracosia ox other shell 
converted into carbonate of iron. 

The mode of origin of coal cannot be closely paralleled by any modern 
formation, and various divergent views have been expressed on the sub- 
ject. There seem to have been two distinct modes of accumulation : (1) 
by growth iu situ, and (2) by drifting from adjacent land: It is possible 



d e 

Fi*'. 390. — Carboniferous Corals. 

a/Zaphrentis cylindrica, Seoul.; I, Litliostrotion junceuin, Fleiu ; bi, Do. magnified, transverse section ;• 
b2, Do. magnified, longitudinal section ; c, Litliostrotion Portlocki, Milne Edw.; c^, Do. calyx mag- 
nified ; (I, Cyatliophyllum Stutcliburyi, Milne Edw.; e, Litliostrotion basaltiforme, Fhill., sp. 

that in some coal-fields both these processes may have been successively 
or simultaneously in. operation, so that the results are commingled. 

1. In those cases where the evidence points to growth m situ, the 
coal-seams have been laid down with tolerable uniformity of thickness 
and character over considerable areas of ground, and they now appear as 
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regular layers intercalated between sheets of sediment, and for the most 
part rest on fireclay or shale, into which roots and rootlets may fre- 
quently be seen to ramify as in the position of growth.^ The nearest 
analogy to these conditions is probably furnished by cypress swamps, ^ 
and by the mangrove swamps alluded to already (p. 609), where masses 
of arborescent vegetation, with their roots spreading in salt water among 
marine organisms, grow out into the sea as a belt or fringe on low shores, 
and form a matted soil which adds to the breadth of the land. The coal- 
growths no doubt also flourished in salt water ; for such shells as Aviculo- 
peotm and Goniatites are found lying on the coal or in the shales attached 
to it. Each coal-seam represents the accumulated growth of a period 
which was limited either by the exhaustion of the soil underneath the 
vegetation (as may be indicated by the composition of the fire-clays), or 
by the rate of the intermittent subsidence that affected the whole area of 
coal-growths. Though the vegetation in these coal-fields may have 
grown as a whole in situ, there may also have been considerable trans- 
port of loose leaves, branches, trunks, &c., after storms, and also during 
times of more rapid subsidence. From the fact that a succession of coal- 
seams, supposing each to represent a former surface of terrestrial vegetation, 
can be seen in a single coal-field to extend through a vertical thickness of 
10,000 feet or more, it is clear that the strata of such a field must have 
been laid down during prolonged and extensive subsidence. It has been 
assumed that, besides depression, movements in an upward direction were 
needful to bring the submerged surfaces once more up within the limits 
of plant growth. But this would involve a prolonged and almost incon- 
ceivable sea-saw oscillation ; and the assumption is really unnecessary if 
we suppose that the downward movement, though prolonged, was not 
continuous, but was marked by pauses, long enough for the silting-up of 
lagoons and the spread of coal-jungles.^ 

That the vegetation actually grew on the spot where its remains are 
now found is further shown by the succession of platforms of vertical 
tree-trunks standing in their positions of growth and with their roots 
branching freely in the sediment on which they had sprung up. In these 
instances there may be no coal-seam, as, on the other hand, there are vast 
numbers of coal-seams without the accompaniment of vertical stems. 
The St. Etienne coal-field displays a succession of these forests, and in 
that of Nova Scotia Dawson enumerated no fewer than sixty-eight, one 
above another. Grand' Eury has shown that it was not merely one genus 

^ For arguments in support of tlie view that coal was formed of plants in situ see Logan, 
Trans. Qeol. Soc. vi. (1842), p. 491. Newberry, Amer. Journ. Sci. xxiii. (1867), p. 212 ; 
■ ‘Geol. Surv. Ohio,’ vol. ii. Geology, p. 125 ; School of Mines Quarterly, New York, April 
1893. Giimbel, Sit^. Bayer. ATcad. 1883. W. S. Gresley, Geol. Mag. 1901, p. 29. C. E. 
Bertrand and B. Kenault, Com/pt. rend, cxvii. (1893), p. 539, where evidence is given of the 
formation of “boghead” from algee. The origin of coal formed the subject of a discussion 
at the British. Association in 1900, Report, ij. 746. 

2 For an account of the submerged lands (Dismal Swamp) of the Mississippi, see Lyell’s 
Second Visit to the United States,’ chap, xxxiii. 

^ See a statement of the oscillation theory as far back as 1849 by M. Virlet d’Aoust, 
B. S. G. F. (2) Vi. p. 616. 
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or group of trees that had this aquatic habitat, but that all the more 
important arborescent plants actually lived in swamps or shallow water 
with their roots in the sand or mud of the bottom, — Stigmaria, 
Syringodendron^ Stigmario^psis, Sigillaria, Cakimites^ Calamodendron, tree-ferns 
(Psaronius, Aulacopteris, &c.), and CordaitesA 

2. Those who advocate the view that most coal-seams have resulted 
from the deposit of transported vegetation point to the evident stratifica- 
tion of the coal and to the intercalation of thin seams or laminoe of shale 
in the seams. Coal passes laterally into shale and ironstone, sometimes 
even into dolomite.^ Moreover, the researches of Grand’ Eury, Fayol, 
and others in the small coal-basins of Central France have shown that in 
these regions much vegetable matter was washed down from adjacent 
land.^ The coal is irregularly distributed among the strata^ and it is 
associated with beds of coarse detritus and other evidence of ton*ential 
action. Numerous trunhs of calamododendra, sigillarise, and other trees 
imbedded in the sandstones and shales vertically and at all angles of 
inclination bear witness, like the “snags” of the Mississippi, to the 
currents that transported them. The basins in which the accumulated 
detritus and vegetation were entombed seem to have been small, but 
sometimes comparatively deep, lakes lying on the ancient crystalline 
rocks that ^ formed an uneven land-surface during the Carboniferous 
period in the heart of France. But there is evidence, even in these 
basins, of the growth of coal-plants in situ, and of the gradual subsidence 
of the alluvial floors on which they took root. Grand’ Eury, in studying 
the tree-trunks with their roots in place on many successive levels in the 
coal fields of Central France, has ascertained that these trees, as they 
were enveloped in sediment, pushed out rootlets at higher levels into the 
silt that gathered round them. 

It would thus appear that no one hypothesis is universally applicable 
for the explanation of the origin of coal, but that growth on the spot 
and transport from neighbouring land have both in different regions 
contemporaneously and at successive periods come into play. 

In this place reference may most conveniently be made to the probable 
climate in which these geological changes took place. The remarkable 
profusion of the vegetation of the Carboniferous period, not only in the 
Old World but in the New, suggested the idea that the atmosphere was 
then much more charged with carbonic acid than it now is. Undoubtedly 
there has been a continual abstraction of this gas from the atmosphere 
ever since land-plants began to live on the earth’s surface, and it is 

^ See Ms series of papers in the Oomjpt. rend, for 14th Jnne 1897 and April to July 
1900 ; Compt rend. Congrls Qiol. Intemat, Paris, 1900, p. 520. 

2 A. Strahan, Q. J. G. S. Ivii. (1901), p. 297. ’ 

^ For the detrital origin of coal, see Grand" Eury, Ann. des Mines, 1882 (i.), pp. 
99-292 ; Mem. S. G. F, 3® s^t. iv. 1887 ; ‘Geol. et PaleoiitoL du bassin Houiller du Gard," 
1891 ; Qompt. rerid. cxxiv. (1897), cxxx. (1900). Payol, ‘il^tudes sur le Terrain Houiller de 
Commentry," Part 1 ; Bull. Soc. Industrie Min. ser. 2, vol. xv. and Atlas (1887) ; B. S. 
G. F. 3® ser. xvii. (1888). B. Renault, ‘Flore Fossile de Conimentry, ’ B^dl. Soc. Mist. Mat. 
d'Autun (1891). A. de Lapparent, Rev. Quest Scien. July 1892. 
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allowable to infer that the proportion of it in the air in Palaeozoic 
time may have been somewhat greater than now. But the difference 
could hardly have been serious, otherwise it seems 
incredible that the numerous insects, labyriiithodonts, 
and other air-breathers, could have existed. Most 
probably the luxuriance of the flora is rather to 
be ascribed to the warm moist climate which in 
Carboniferous, times appears to have spread over 
the globe even into Arctic latitudes. On the other 
hand, evidence has been adduced to support the 
vieAv that in sj)ite of the genial temperature indicated 
by the vegetation there were glaciers even in tropical 
and sub-tropical regions. Coarse boulder-conglomer- 
ates and striated stones have been cited from 
various parts of India, South Africa, and Eastern 
Australia, as evidence of ice-action. These will be 
more particularly noticed farther on. 

Life. — Each of the two facies of sedimentation 



Fi^;. 391.— Carboniforous 
Crinoid. 

Cyatlioerinus planus, Miller; 
a, calyx, arms and upper 

part of .stem ; z;, portions • above described has its own characteristic organic 
of the .stem; c, one of the types, the one series of strata presenting us chiefly 
central canal. With the fauna of the sea, the other mainly with 

the flora of the land. 

I Tiie JMarine fauna is specially rich in crinoids, corals, and 
brachiopods, which of themselves constitute entire beds of limestone. 
Among the lower forms of life the Foraminifera are well represented. 
The genera include Saccarmninaj Endothyra^ Ealvidina, Climacammma, 
Stacheia, Lagena, Nodosaria, Textularia, Archmdiscus, Fusulina. Some of 
these genera exhibit a wide geographical range ; Saccamrnina^ for example, 
forms beds of limestone in Britain and Belgium ; Fusulhm plays a still 
more important part in the Carboniferous Limestone of the region from 
Eussia to China and Japan, as well as in North America; while a 
species of Valvulma (V, jpalmotrochus) extends from Ireland to Bussia 
on the one side and to North America on the other. As already noticed, 
species of organisms, with a wide geographical extension, have also a 
long geological range, and this is more specially exemplified in such 
lowly grades of existence as the foraminifera. The form named 
Trodianimincv incerta, for instance, is found through the whole Carboniferous 
Limestone series of England, reappears in the Magnesian Limestone of 
the Permian system, and occurs not only in Britain but in Germany and 
Ilussia, while Saccammina is a still living genus.^ Badiolaria are 
extremely abundant on some horizons in the Lower Carboniferous 
formations, where they form layers of dark chert and occur also in soft 
grey shales. Thus the Lower Culm of Devon and Cornwall has yielded 
twenty-three genera, seventeen of which are common to the Culm of 
Germany, Sicily, and Kussia.^ The existence of Sponges in the Carbon- 

* H. B. Brady, ‘Monograph of Carhoniferoiis and Permian Foraminifera,’ l^almontoij. 
Soc. (1876). 

® G. J. Hinde and H. Fox, Q. J. O. H. li. (1895), pp. 609-668. 
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iferous seas is shown by the occurrence of siliceous s])icules, more rarely 
by entire specimens,^ and by early types of the calcareous pharetrones 
and sy cones. Corals (Fig. 390) are represented by tabulate {MichtRnia, 
Aulojw'a, Chladorhoims, GhseteteSj especially prominent as a reef builder, 



a he 
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Fig. 302. — Carboniferous Brachiopods. 

a, Spiriferina laminosa, M‘Coy ; h, Spirifer striatus, interior of dorsal valve, showing spiral calcareous 
supports for the arms ; c, Terebratula (Dielasnm) hastata. Sow. ; (/, Prodtictus giganteus, Martin Q). 


and the ancient and waning genus Favosites), and still more by rugose 
forms {Amplexus, Za;phrentis^ Cyathophylhm, Aulo^hylhm, Clidophylhm^ 
Litliostrotion, Lonsdaleia, Phillipsastrm). Among the Echinoderms, which 



a & 


Fig. 393.— Carboniferous Lamellibranchs. 

a, Conocardium aliformo, Sow. ; 1), Aviculopecten (Stroblopteria V) siiblobatus, Pliill., 
showing colour-baiuls. 

were abundant and varied, the sea-urchins were represented by Arcliseo- 
cidaris, Perischodomus (IConinckocidaris), Lepidocidaris, Pcdsechimis, and 
MelonecUnus (Melonifes). The blastoids, which now took the place in 

, ^ As in the Pevwiatites from Yorkshire, described by Dr. Hiiide, Q. J. G. S, lii, (1896), 

p. 438. 
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Carboniferous waters that in Silurian times had been filled by the 
cystideans, attained their maximum development, nineteen genera and 
upwards of 120 species having been found in the sub -Carboniferous 
group of North America {Pentreinites, Godaster^ Orhitremites, &c.). But 
it was the order of crinoids that chiefly swarmed in the seas where 
the Carboniferous Limestone was laid down, their separated joints now 
mainly composing solid masses of rock several hundred feet in thickness. 
Among their most conspicuous genera were Platycriniis, Eudadocrinus^ 
DichocrimSjActmocrmus, Baiocrmus, PJiodomnus, Belemnocrinus, Cyatliocrinus, 
(Fig. PoteriocriniLS, JVoodocrinus, Taxocrinus. Tubicolar Annelids 



a h 

Fig. 394. — Carboniferous Gasteropods. 

a, Euomphalus pentangulafcus, Sow. ; b, Pleurotomaria carinata, Sow., showing colour«bauds. 

abounded, some of the species being solitary and attached to shells, corals, 
&c., others occurring in small clusters and some in gregarious masses form- 
ing beds of limestone {Spirorhis, Serpulites, Orfonia). Free-swimming forms 
are represented by detached jaws and toothed plates,^ and by abundant 
burrows and trails among the sedimentary strata. Bryozoa abound in 
some portions of the Carboniferous Limestone, which were almost entirely 
composed of them, the genera Fenestella, Bhomhopora, Polypora^ Archimedes, 
Thamniscus, and Pinnatoporcb {Qlauoonome) being frequent. 

Of the Brachiopods (Fig. 392) some of the most common forms 
are Productus (a characteristic genus), Spirifer, Bhynchonella (Pugnax, 
Hypothijris, &c.), Athyris, Chonetes, Orthis, Terebratula (Dielasyna), 
Leptmna, Derby a, Lyttonia, Lingula, Orhiculoidea (Discina), and Crania.^ 
There are species that appear to range over the whole world, such as 
Productus semireticulatus, costatus, longispinus, pustulosus, cora, aculeatus, 
undatus; Orthothetes (Streptorhynchus) crenistria; Spirifer lineatus, glaber ; 
Athyris globularis ; and Terebratula (Dielasma) hastata. Mollusks now 
begin to preponderate over brachiopods. The Lamellibranchs (Fig. 393) 
include forms of Aviculopecten, Posidojiomya, Nuculana (Leda), Nucula, 

1 G. J. Hinde, Q. J. O. S. xxxv. p. 370, 386 ; xxxvi. pp. 368 ; lii. p. 448. 

^ Productus is almost wliolly Cartoiiiferous, and in thie species P, giganteus (Fig. 
392, d) of the Carboniferous Limestone reached the maximum size attained by the 
Ibrachiopods, some individuals measuring nearly twelve inches across. Other genera had 
already existed a longtime ; some even of the species were of ancient date — Orthis resupinata, 
of the Carboniferous Limestone and the Devonian 0. striatula and Strophomeua depress^ had 
survived, according to Gosselet, from the time of the Bala beds of the Lower Silurian period 
(Gosselet, Esquisse, p. 118). 
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Sanguinolites, Schizodus, Edmondia^ Carhonicola (Anthracosia), A?iihracorm/a, 
Naiadites, Myalina^ Modiola^ and Conocardivm. The Gasteropods (Fig. 394) 
are represented by numerous genera, among which Enom- 
jplialus, Naticojpsis, Murchismiia, Fleurotomaria, Macrochilina 
and Loxonema are frequent. The genus BelleropJion is repre- 
sented by many species, among which B. Urei and B. 
decussatus are specially common. Another abundant genus 
is Conularia (Fig. 395), which often attains a length of 
several inches. Of the Cephalopods (Fig. 396) the most 
abundant and widely distributed are forms of Orthoceras, 

Cyrtoceras^ Actinoceras, Boterioceras, Eiscites, Ccelonautilus, 

Glyphioceras (Goniatites), Gastriocems and Brolecanites, 

The Crustacea present a facies very distinct from that 
of the previous Palaeozoic formations. Trilobites now almost 
wholly disappear, only five genera of small forms of the ’ risulcata, Sow. 
single family of the Proetidae {Broetus, Griffithides^ Bhillipsia, carboniferous 
Braohymetopus) being left. But other Crustacea are abun- i^^^^estones. 
dant, especially ostracods {Bairdia, Cypridellma, Cythere, KirJchja, Leperditia, 



Pig. 3i»5. 



Pig. 396. — Carboniferous Cephalopods. 

a, Nautilus (Discites) Koninckii, D’Orb. ; Goniatites crenistria, Phill. ; c, Orthoceras (Breynii, Mart. ; 

laterale, Phill.). 


Beyrichia, &c.), which crowd many of the shales and sometimes even 



Fig. 397. — Carboniferous Schizopod. 
AnthrapalsEmon Etheridgii, Peach, twice nat. size. 


form seams of limestone. Some schizopod forms are met with 
{Balseocaris, Bseudogalafhea), and a few occur not infrequently, particu- 
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with in the plant-bearing type of the Carboniferous system are mentioned 
on p, 1031, together with the air-breathers and other terrestrial organisms. 
The Carboniferous system of the United States has likewise furnished a 
large list of fossil fishes. The census given in 1889 by Newberry com- 
prised nearly 400 species from the Carboniferous Liniestone series. 
They were nearly all elasmobranchs, recognisable as a rule only by teeth 
and spines or dermal tubercules. The Coal-measures of America have also 
yielded, as in Europe, a great many ichthyolites, chiefly small tile-scaled 
ganoids allied to Palmniscus, but a considerable number of larger forms 
of the same order (Bhizodus, Megalichthys, Coelacanthus), together with 
dipnoans (Oienodus) and numerous elasmobranchs represented by teeth 
(CladoduSj Diplodus, Petalodus) or by spines {Edestus, Gtenacanthiis, Ortha- 
canthus)} 

It is deserving of remark that in the marine type of the Carboniferous 
system considerable differences may be observed between the distribution 
of the fossils in the limestones and shales even of the same quarry. The 
limestones, for example, may be crowded with the joints of crinoids, 
corals of various kinds, product! and other brachiopods, while the shales 
above them may contain few of these organisms, but afford ' poly zoa, 
Co7iularia^ horny brachiopods (Erngula, Orhicidoidea), many lamellibranchs, 
especially pectens, aviculopectens, nuculas, ledas, and gasteropods 
{Pleurotomaria, Loxonema^ Bellerogdion, &c.). It is evident that while some 
organisms flourished only in clear water, such as that in which the 
limestones accumulated, others abounded on a muddy bottom, although 
some seem to have lived in either situation, if we may judge from finding 
their 1 ‘emains indifferently in the calcareous and the muddy deposits. 

IL The Lagoon phase of sedimentation, or that of the coal-swamps, is 
marked by a very characteristic suite of organic remains. Most abundant 
of these arc the plants, which possess a special interest, inasmuch as they 
form the oldest terrestrial flora that has been copiously preserved. - 
This flora presents a singular monotony of character all over the 
northern hemisphere, from the Equator into the Arctic Circle, the same 
genera, and sometimes even the same species, appearing to have ranged 
over the whole surface of the globe. It consisted almost entirely of 
vascular cryptogams, and pre-eminently of Ferns, Equisetacese, and 
Lycopodiaceae, Init with some gymnosperms allied to cycads and yews. 
The presence of Algm in the coal-swamps has now been proved by the 

^ J. S. Newlaerry, Monogra 2 '>h xvL (1889), U.B. O. S. 

^ On tile Carboniferous flora, consult A. Brongiiiart, ‘Prodrome d’une Histoire des Vegetaux 
fossiles,’ 1828. Lindley and Hutton, ‘Fossil Flora of Great Britain,’ 1831-37. C- B. Weiss, 

‘ Fossile Flora d. jUngsten Stcinkold im Saar-Rhein-Geb,’ Bonn, 1869-72; ‘Die Flora d. 
Steinkoblen Formation,’ Berlin, 1881. William.son’s Memoirs “On the Organisation of the 
Plants of the Coal-measures,” BMl. Trans, clxii. (1872), and subsequent volumes. Zeiller, 
on the Carboniferous flora of Valenciennes, Autun, and Brive, in the series of volumes 
entitled ‘Etudes des Gites Mineraux de la France,’ published by the Ministry of Public 
Works. D. Stur, “ Die Culm-flora,” K.K. Oeol. Jteichsanst, Vienna, viii. (1875). 

Zeiller and Renault on Fossil Flora of Oommentry, Bull. Soc. Tndust. Min. St. Atienne, 
2 vols. with Atlas, 1888-90. R. Kidston, Trans, li. S. Eilin. xxx. xxxv. xxxvii. D. White, 
“Fossil Flora of Lower Coal-measures of Missoxiri, ” Monog. Xf.S. G. S. No. xxxvii. 1899. 

VOL. II Y 
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detection of their remains among the sediments, and as main constituents 
of some of the varieties of cannel-coal (boghead). Fungi have also been 
detected on the leaves of ferns, Corclaites and other plants. Although the 
plants of the Carboniferous system are referable, in many cases, to still 
living types of vegetation, they presented many remarkable differences from 
these. In particular, save in the case of the ferns, they much exceeded 

in size any forms of the present 
vegetable world to which they 
can be assimilated. Our modern 
horse-tails had their allies in 
huge trees among the Carboni- 
ferous jungles, and the familiar 
club-moss of our hills, now a 
low creeping plant, was repre- 
sented by tall-stemmed Lepido- 
dendra that rose fifty feet or 
more into the air. The ferns, 
however, present no such con- 
trast to forms still living. ' On 
the contrary, they often recall 
modern genera, which they re- 
semble not merely in general 
aspect, but even in their circin- 
nate vernation and fructification. 
With the exception of a few 
tree-ferns, they seem to have 
been low -growing plants, and 
perhaps were to some extent 
epiphytic upon the larger vege- 
tation of the lagoons. Some 
of the more common genera 
are Ehacopteris, Calyrmnatotheai 
(Fig. 401), Sphenopteris (upwards of two dozen of species), Nenropteris 
(a dozen or more species, Fig. 402 ft), Cycdopteris, Odontopteois, Mariopteris, 
Fecopteris (many species), Alethopferis (Fig. 402 by There occur also 
the stems of tree-ferns {Megaphyton, Cauloptem). 

Among the Equisetacese,^ the genus Calamites is specially abundant. 
It usually occurs in fragments of jointed and finely -ribbed stems. 
From the joints or nodes of the stem numerous branches were given 
off, and numerous rootlets proceeded, whereby the plants were anchored 
in the mud or sand of the lagoons, where they grew in dense thickets. 
According to Dawson they seem to have fringed the great jungles of 
Sigillariae, and to have acted as a filter that cleared the water of its 
sediment and prevented the vegetable accumulations of the coal-swamps 
from admixture with muddy sediment. To the foliage of Calamites 

^ For ail essay on the morphology and classification of the Carboniferous ferns see D. 
Star, Sitzb. Akad. Wien. Ixxxvi. (1883). 

- On Carboniferous Calamaries, consult Weiss, Ahh, Geol. Specialkarte Preussen, v. 



Fig. 401.-— Carboniferous Fern. 
Calymmatotheca (Si)henopteris) aftlnis, Lindl. and Hutt. 
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different generic appellations have been attached (Fig. 403), * ' 

Calamod(Mlus (Asteropliyllites) is given to jointed and fluted ^ 

verticils of slim branches proceeding from the joints and be^i^*** ' ' 

of long, narrow, pointed leaves. Annularia has the cloJ^** 
united at the base. Calamodendron is believed by some bot^** 
the cast of the pith of a woody stem belonging to some unkn<^^ 
others it is regarded as only a condition of the preservation ^ 

Some examples of the fructification of the calamites have be^*^* " ’ 

Of these Fothocites has been found attached to AsterocalcVi^^ ^ 
ammlarict is probably the cone of Annularia, while others^ 
Volkmannui, Calamostachys and Maerostachya, are probably the f i”’ ^ 
of calamites. SphenopJiyllum is the name given to a genus < ' 

which the leaves are borne in whorls of six, or some mult 1 1 
and are wedge-shaped. 

The Lycopods (Fig. 404) were distinguished by the leaf-sc^»* 
dichotomous stems. Their branches, closely covered with poi i ^ ^ * 
bore at their ends cones or spikes (Lepidostwhcs) consisting < > ^ 
axis, round which were placed imbricated scales, each carrying s t B 

Of the type genus Lepidodendron there are many species; <>t I * i 
are Lepido 2 ')hloios, Halonia, Omphalqphloios and Bothrodendron, 

Among the most remarkable trees of the Carboniferous *' ' 

the Sigillarias, which are believed to have been akin to t li ’*' 
dendra. The genus Sigillaria was distinguished by the greats t ■ s 
feet or more) of its trunk, which sometimes measured five feet i i « ' ^ 
Its stem was fluted (Fig. 405), and marked by parallel p<*r| 
lines of leaf-scars. The base of the stem passes into the root ^ i 
Stigmmiay the pitted and tuberculed stems of which are siif*!?^ ' 
fossils (Figs. 405 B, and 406). There can be little doubt, ho'i^^ ^ 
Stigmaria -wsiB 8b iovm of root common to more than one kii*^ ^ 
The genus Cordaites belonged to a type of tree which had afli ^ 
CO the cycads and to the conifers, but was very different from • « 1 

attained a great profusion in the time of the Coal-measures, ^4i: - 
to a height of 20 or 30 feet, it carried narrow or broad, par^^l i ^ 
leaves, somewhat like those of a Yucca, which were attached f « 
by broad bases at rather wide distances, and on their fall left | ^ 

leaf-scars. It bore catkins which ripened into berries not unli L ^ 
yews (Cardiocarpus) (Fig. 408). Both of these forms of fi*»i 
occur in great abundance in some bands of shale. Other f i » « , ^ 
certain parentage are named, Ehabdocarpm, CarpoUtlms, and 'i 

The latter has been supposed to belong to some meixili** ;! 
Cordaitace^e, somewhat like the fruit of the living Ginkgo {SaltJ< • . v 

Large stems having a well-preserved internal structure -h i 
preserved in the sandstones, where they occur as drift-woocl. 
from higher ground (Fig. 407). Some of these ancient tree .ii 
50 to 70 feet in length. They have been grouped under t li* 
names CalamopitySy Pitys, and Badoxylon, and their pith-casts i. 
been known as Sternbergia or Arteda. Eecent research has | ^ 
these stems belong to the Cordaitaceae, and that while their st i t ^ - 




Fig. 405. — A, Sigillaria ; portion of decorticated stern ; u, Sigillaria stem terminating 
in Stigmarian Roots and Rootlets. 
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Nemato^tychius, Gonatochis, Eurynotus, Cheirodits (Fig. 409, a), CtenacantJms, 
GyracanthuSy Fleuracanthus, and Ctenojytyclims. 

The presence of true air-breathers among the jungles of the Carboni- 
ferous period has been established by the discovery of numerous specimens 
of arachnids, insects, myriapods, pulmonate mollusks, and labyrinth odonts. 
According to the census of Mr. Scudder there were known up to 1890 
no fewer than 75 species of Carboniferous 
arachnids.^ Scorpions (Eoscorjnus) have been 
found both in Europe and America, and have 
been obtained ^in great numbers, in excellent 
preservation and of gigantic size, in the Lower 
Carboniferous rocks of Scotland (Fig. 410). 
Other arachnids occur, including ancient forms 
of spider (Protolycosa). Myriapods, of which 
upwards of 40 species have been determined, 
were represented by various plant-eating milli- 
pedes {Xylohiu^y Archiulm, Eu^hoberia). True 
insects likewise flitted through these dense 
jungles. Mr. Sciidder’s census of 1891 con- 
tained 239 species of orthoptera, 109 of 
neuroptera, 17 of hemiptera and 11 assigned 
to coleoptera. M. Charles Brongniart, in his 
gi-eat Monograph published in 1894, enumerated 
Fig. 410.— Carboniferous Scorpion, as having been found in the Carboniferous 
Eoscorpius giaber (B. N. Peacii), rocks, principally in the Commentry Coal-field 
Scotland. of Central France, upwards of 40 genera ot 

neuroptera, and 19 of orthoptera. But these 
numbers are continually on the increase. Thus the number of 
known Palaeozoic genera of cockroaches, the predominant insects, 
in the year 1879 was 58, and in 1893 amounted to 193.“ The 
Carboniferous insects included ancient primitive forms of cockroach, 
cricket, and beetle. It is remarkable that from some coal-fields hardly 
a single trace of insect life has been obtained, while in others great 
numbers of specimens have been brought to light. A variety of forms 
has been found in the Saarbriick Coal-field; l)ut perhaps the greatest 
number of individual specimens has come from that of Commentry, which 
up to the end of the year 1884 was computed to have furnished not less 
than 1300 individuals. Some of the insects were of considerable size. 
Thus the orthopterous Archseoptilus from the Derbyshire Coal-field had a 
spread of wing of perhaps fourteen inches or more ; and a species of 
Didyoneura (Z). Monyi) had a wing about 1 2 inches in length. Others 
were remarkable for the vividness of their colouring (Brodia), the markings 
of which are still recognisable in the fossil specimens. One of the most 
singular features yet olDserved among these ancient insects is the union in 
the same individual of types of structure which are now, entirely distinct. 

^ B. U.8. G. S. No. 71 (1891). The number has since been increased. See the later 
synopses of Dawson and Brongniart quoted below. 

2 Scudder, B. U.S. G. S. No. 124 (1895), p. 21. 
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M. Oh. Brongniart has shown that wings which were admittedly neuro- 
pterouSj and were referred to the genus Dictyoneura, were really attached 
to bodies which are unquestionably orthopterousd 

An interesting discovery was made by Lyell and Dawson in 1850 
when they found that the erect fossil trees in the coast-section of Car- 
boniferous strata, South Joggins, Nova 'Scotia, decayed in the centre 
while still standing, and have consequently preserved in their interior 
remains of some of the air-breathers of the time. Since that time the 
progress of research has brought to light a large number of specimens 
which, at the last census published by Dawson in 1894, included 26 
species of vertebrates, 33 of arthropoda (insects, scorpions, and myria- 
pods), and 5 of pulmonate mollusks. The insects comprise species of 
cockroach (Aoxhimylucris, Mylacris, PetraMattina), mayfly (Plat ephemera)^ 
and stick-insects (TIaplophlebmm). The vertebrates are all small amphi- 
bians, which probably crawled into the hollow tree-trunks to die. The 
pulmonate shells were land-snails (Dendropupa, Pyramidula, ArcJuwzonites).^ 

The earliest known amphibia appeared in Carboniferous times, and, so 
far as known, all belonged to the order Stegocephalia (Labyrinthodonts, 
c^c.).^ They had a salamander-like body with relatively weak limbs 
and a long tail. Sometimes the limbs seem to have been undeveloped, 
so that the body was serpent-like. The head was protected by bony 
plates, and there was likewise a ventral armour of integumentary 
scales. The British Carboniferous rocks have yielded about 20 genera 
(Anthracosaurus, Lowmma, Ophiderpeton, Pholideipeton, Pteovplax, liera- 
terpeton, Urocordylus, &c.). These were probably fluviatile animals of 
predaceous habits, living on fish, Crustacea, and other organisms of 
the fresh or salt waters of the coal-lagoons. The tree trunks of Nova 
Scotia above alluded to have furnished 9 genera of small, no doubt 
terrestrial, forms (Ilyloiiomus, Hylerpeton^ iJcmlrerpeton). The larger 
amphibia of the time are believed to have measured 7 or 8 feet in 
length ; some of the smaller examples, though adult and perfect, do not 
exceed as many inches.*^ The coal-field of Bohemia, which may be in 

^ Cli. Brongniart, B. K (L F, (3), xi. p. 142 ; ‘ Reclierclies pour servir a Tliistoire des 
Insectes Fossiles cles Temps Primaires,’ 2 voLs. quarto, St. iCtieime, 1894. Scudcler, Gettl. 
Mag. 1881, p. 293, 1896, p. 10 ; Mem. Boston. 8oc. Nat. Hist. iii. (1883), p. 213 ; Fruc. AmcT. 
Acad. 1884, p, 167 ; B. U. S. O. S. Nos. 31, 69, and 124. H. Woodward, Q. J. G. S. 1872, 
p. 60. J. W. Dawson’s “Synopsis,” cited in the following note. The student interested in 
the study of fossil insects will find Mr. Scuddcr’s Bibliography of the sulvject, B. U. B. G. S. 
No. 71, a valuable book of reference. 

^ Lyell and Dawson, Q. J. G. B. ix. (1853), p. .58. J. W. Dawson, “Synopsis of the air- 
breathing animals of the Palteozoic (rocks) in Canada up to 1894,” Tmns. Hoy. Boc. Gamada. 
1894, sect. iv. pp. 71-88. The list includes a few e.xam])les not olkaiiied from the tree 
trunks, and from Cape Breton and Pictou, likewise a small number of arachnids and insects 
from the so-called “Devonian” plant-bearing strata of St. John, N.B. The latter, as has 
already been pointed out, are claimed by palaiobotaiiists as uiidoulkedly l)elonging to the 
Coal-measures. 

See British Museum “Catalogue of Fossil Reptilia and Amphibia,” Part iv. by K. 
Lydekker, 1890. 

Miall. Brit. Assoc. 1873, 1874. 


1034 


SmATIGHAFHICAL GEOLOGY 


BOOK VI PART II 


part Permian, has furnished a considerable number of genera and species 
of labyrinthodonts and fishes.^ Marsh has described a series of foot- 
prints from the middle Coal-measures of South-eastern Kansas, some 
of which, he thought, were probably amphibian, others lacertilian or even 
deinosaurian. The most abundant of the larger prints have four toes on 
both fore and hind feet, while in another type the fore-feet had five toes 
and those behind only four.- 

It has been hitherto the general experience of geologists that fossil 
plants do not serve so well for purposes of geological classification as 
fossil animals (pp. 832, 839, 848).^ But there can be no doubt that 
certain broad stratigraphical subdivisions may be based on the evidence 
of plant remains, and the attempts in this direction that have been made 
in recent years with regard to the stratigraphy of the Carboniferous 
sj^stem, encourage the hope that when the fossil floras are more minutely 
investigated they may afford valuable assistance in stratigraphical 
determinations. It is nearly half a century since Geinitz (1856) dis- 
tinguished five zones in the German Carboniferous formations, each 
characterised by its own facies of vegetation. 1st. The Culm with 
Lepidodendron veUheimiamtm^ CalamUes transitionis,^ followed by the remain- 
ing four zones, which comprise the productive Coal-measures ; viz. 2nd^ 
the zone of Sigillarias ; 3rd, the zone of Calamites ; 4th, the zone of 
Annularia ; and 5th, the zone of Ferns.''*' Twenty years later Grand’ 
Eury gave a much more elaborate classification of the Carboniferous 
system of Central France, according to the succession of vegetation, as 
shown in the following table — 

Supra-Carboni ferous Flora, simpler and less rich than that below, showing a 
pas.sage into the Permian flora above, characterised by a rapid diminution of yllethojdcr is, 
Odontopteris xcnopteroides, Dictyopteris, Ann%larm, SjJhenophyUmn. The Calamites are 
represented by abundant individuals of C. variam and C. JSuckoivii, also Aster ophy Hi ies 
equiseiiforinis ; the ferns by Pecopteris cyatheoides, P, liemitelioides, Odontopteris minor, 
0. ScJilotheimii, several species of JSfenroptepis, &c.; the Sigillarias by S. Prardii, #S'. 
spinulosa, and Stigmaria ficoides ; Cordaites by numerous narrow-leaved forms ; the 
Galamodendra by a prodigious abundance of some species, e.g. Calamodendroii histriatum. 


^ C. Feistmaiitel, Archiv. Naturw, Landesdurchforsch. Bdlimen. v. No. 3 (1883), p. 52 ; 
and especially the great monograph of A. Fritsch, “Fauna der Gaskohle Bohmens,” 1879 
and subsequent years. 

^ Amer, Journ. ScL xlviii. (1894), p. 81. 

Some palcEobotanists, however, hold a contrary opinion. See, for instance, Mr. Kidstoii, 
Proc, Roy. Phys. Sac. Edin. xii. (1893), p. 184. Possibly the reason for the prevalent belief 
is to be found, as he suggests, in the fact that fossil plants have been less fully studied than 
fossil animals, especially from a stratigraphical point of view. 

^ Now known as Asterocalainites scrohiculatius. 

^ ‘Geognost. Barst. Steink. Sachsen,’ 1856, p. 83 ; ‘Die Steinkohlen Deutsch lands,’ 1865, 
i. p. 29. 

® ‘Flore Carbonifere du Departement de la Loire et du Centre de la France,’ Cyrille 
Grand’ Eury, 3fem, Sav. Etr angers, xxiv. (1877). This table is here given as tlxe fullest 
available synopsis of the classification of the Carboniferous system of a single country on the 
basis of fossil plants. But further and more extended research is required before a scheme 
of arrangement can be perfected that may be capable of general application. 
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folia, gigantea), Cyclopteris, Aulacopteris. The calamites are widely diffused and 
abundant, especially Calamites duMus, 'iindiolatus, ramosm, decoratus, Steinhaueri ; 
Asterophyllites siibMppuroidcs, grandis, longifolhis ; Volhnannia bhmeyana ; SpJieno- 
phiyllum seems here to reach its maximum, characteristic species being S. emaTginatum., 
saxifragfefolmiii^ erosuvi, dentatum, trimcatum, SchlotJiewiiL Some coals and shales 
abound with OardL 0 caTy>us, also Trigonocarpus, and Nbggemthia. 

Middle Coal Flora — (Lower Zone, Floj'e houillere sous-moyennc). — Lepidodendroids 
are characteristically abundant and varied {Lepidodendi'on aculeatim., obovatum, crenatim, 
Haidingeri, undulatum., JongifoUmn ; and LepidopUloios laricimts, intermedins, erassi- 
caidis; Ulodendron, abundant in England, U. didiotonviim, punctatum, majus, minus, 
&;c. ; Haloiiia tortnosa, rcgnlaris, &c.)- Sigillarioids are numerous [Sigillarm oculata, 
elegans, scutcllata, elongata, mamillaris, alveolaris, reniformis ; Stigmaria ficoides, 
minor, stellata, reticulata; Dictyoxylon, Lyginode'udron). Calamites abound {C. can- 
neeformis, Suckowii, CisiH, decoratus, approximatns ; Asterophyllites s^ibhijpuroides, 
longifolms; Volkmannia jiolystachya). Ferns likewise form a notable part of the llora 
especially spbenopterids {Sphenopteris latifolia, acutifolia, elegans, dissecta, furcata, 
Grarenhorstli, oierwsa, 'tunricata, obtusiloba, trifoliata)-, also Lrepecopteris silesiaca, 
oxyphylla, Glockeri, dentata; Megaphyton majus ; Fecopteris ophiodcrmatica and other 
similar forms. The neuropterids become abundant {NexLropteris heterophylla, Loshii, 
gigantea, tenuifolia ; Cyclopteris obliqua; Alcthopderis loncMtica, &c.). The abundant 
Oordaites of the higher measures are absent, though the fruit Carpolithus occasionally 
occurs. 

Infra Coal -measure Flora — (Millstone grit, lUtage infra-houiller), characterised 
essentially by lepidodendroids and stigmarias. — Lepidodendron aculcatum, obovatuni 
crenatimi, brevifolium, caiidatum, carinatnm, rimosum, 'oolkmawdianum ; Ulodendron 
punctatum, ellipticnm, majus; Ralonia tuberculosa; LepidopUloios intermedins, laricinus. 
Sigillaria is not very common, hut ocnlcda, alveolaia (Stern,), Knorrii, trigona, 
minima, and other species occur. The ferns are more varied than in older parts of the 
system, sphenopterids being the dominant types {Sfhenopteris distans, elegans, tridacty- 
lites, furcata, dissecta, rigida, divaricata, linearis, acutiloba, &c.). The genus Feeopteris 
is represented by a few species, Nenropteris is comparatively rare (iV. Loshii, tenuifolia), 
Alethopteris appears in the widespread species A. loncMtica, and a few others. Calamites 
are not relatively abundant {Calamites nndulatus, Steinhaueri, communis, cannmformis, 
Oistii ; Asterophyllites foliosus, &c.). 

Flora of the Upper G-reywacke, — Lepidodendroids ai*e the prevalent forms 
{Lepidodendron carinatum, polyphyllnm, 'oolkmannianum, rugosum, caudatum, aculcatum, 
obovatum; Ealonia tetrasticha, regularis ; Ulodcndrmi ovale, commutatum). Stigmaria 
in several species occurs, sometimes abundantly ; but Sigillaria is rare {S. undulata, 
VoUzii, costata, suhelegans, venosa, Guerangcri, verneuillana), Calamites are not in- 
frequent {0. Roemeri, VoUzii, cammformis, &c.). The ferns are chiefly sphenopterids 
{Sphenopteris dissecta, elegans, Gersdorfii, distans, tridactyliks, schistorum; Cyclopteris 
tenuifolia, Haidingeri, flabellata ; Frepecopteris aspera, suhdentata ; Nenropteris lietero- 
phylla, Loshii). 

Flora of the Culm, characterised by the abundance of lepidodendroids of the type 
of L. veltheimianum (with Knorria imbricata), by the number of Bornia transitionis, 
associated with Calamites Eoenuri, Stigmaria ficoides (and other species), and by the 
abundance of the paheopterid ferns {Falaeopteris Machaneti, antiqua, disseda, Calym- 
matotheca {Sphenopteris) afiinis (Fig. 401); Gardiopteris frondosa ; Bhodea divaricata, 
elegans, mo7'avica ; Sphenopteris Gbpperti, Schimperi, &c.). 

Carboniferous Limestone Flora. — The palaeopterid ferns reach a maximum 
{Palseopteris inoequilatera, lindseseformis, polymorpha, froiulosa, Calymmatotheca afiinis). 
Sphenopterid forms are found in Sphenopteris bifida, lanceolata, confertifolia. The old 
genns Cyclostigma here disappears {0. minuta, Nathorstii). The more characteristic 
lepidodendroids are Lepidodendron weikianum, veltheimianum, squamosum; Knorria 
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irabricata, aciciclaris. The flora includes also Stigmaria, ficoides^ rugosa ; Boniia tran- 
sit ionis ; Aster o^hgllites eleganSj &c. 

This subject has increasingly engaged the attention of palseobotanists 
during recent years. The late D. Stur, whose labours in the Carbonifer- 
ous flora were so fruitful, correlated the Carboniferous system of Britain 
with that of Central Europe mainly by means of the plants. He regarded 
the Coal-measures of Wales and the west of England generally as 
equivalent to the higher series of Germany, those of central and northern 
Eagland and Scotland as equivalent to the lower series, both of these 
series being represented in Lancashire.^ The question has since been taken 
up with much zeal and success by Mr. Kidston, with reference to the 
British Carboniferous flora, and he is still engaged in the investigation. 
A preliminary statement of his results was published by him in 1893, to 
which further reference will be made in the sequel.- Mr. D. White has 
likewise insisted upon the stratigraphical succession of floras in the 
southern anthracite coal-field of Pennsylvania. He thinks that the plants 
of the Pottsville Formation in that field ^‘exhibit a rapid development 
and series of changes or modifications, which if treated with great 
systematic refinement are of high stratigraphical value.” ^ 


§ 2. Local development. 

The European development of the Carboniferous system presents certain well- 
marked local types, wliich bring clearly before the mind some of the successive 
geographical features of the time. During the earlier half of the Carboniferous period, 
there still lay much land towards the north and north-west of the present European 
area, whence a continuous supply of sandy and muddy sediment was derived. A sea of 
moderate depth and clear water extended from tin; Atlantic across the site of Central 
Ireland, the heart of England and Belgium into Westphalia. The southern mai'gin of 
this ancient Mediterranean was probably formed by the ridge of older Paheozoic and 
crystalline rocks, which, extending from the west of England into the Boulonnais, and 
from Brittany into Central France, sweeps eastward by the uplands of the Ardennes, 
Hundsriick, Taunus, and Thuringer "Wald into Saxony and Silesia. In the deeper and 
clearer water, massive beds of limestone accumulated ; but towards the land, at least on 
the north side of the sea, there was an increasingly abundant deposit of sand and mud, 
with occasional seams of coal and sheets of limestone. The whole region underwent 
slow subsidence and infilling of sediment, until at last vast marshes and jungles oeGU])ied 
tracts that had been previously sea. By degrees, the lower ])arts of the surrounding 
land were likewise submerged beneath the accumulating coal-growths, which conse- 
quently spread over the sinking areas. Hence, while across the central portions of the 
Carboniferous region the normal succession of strata presents a lower marine division, 
consisting mainly of limestone, and an upper brackish-water division, composed of sand- 
stones, shales, and coal-seams, the marginal tracts show hardly any limestone, some of 
them indeed, as in Central France, containing only the highest ])art of the upper 
division. 


^ Jahrh. K. K. (JeoL Rcichsanst, 1889. 

- Trans, Hoy. Aoc. Mdin. xxxv. (1890-91), pp. 63, 391 419 ; xxxvii. (1893), p. 307. 
Proc, Roy. PJiys, Roc. Eclin. xii. (1893), p. 219. 

mh Ami. Rejn U.S. G. S (1900), pp. 749-918. 
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I Machaneldi and Archaeopteris Tschermaki, appear to be restricted 
1. Carboniferous to the Carhoniferous Limestone series (p. 1042).^ 

Limestone i Thick (Scaur or Main) limestone in south and centre of England and 
series Ireland, passing northwards into sandstones, shales, and coals with 

limestones (abundant corals, polyzoa, brachiopods, laniellibranchs), 
of which a more detailed account follows this table. 

Lower Limestone Shale of south and centre of England (marine fossils 
like those of overlying limestone). The Calciferous Sandstone 
group of Scotland (marine, estuarine, and terrestrial organisms), 
which probably represents the Scaur Limestone and Lower Lime- 
stone Shale, and graduates downward insensibly into the Upper 
^ Old Bed Sandstone, is described at p. 1042. 

1. Carboniferous Limestone Series and local equivalents.— In the south-west 
of England, and in South Wales, the Carboniferous system passes down conformably 
into the Old Bed Sandstone. The passage beds consist of yellowy green, and reddish 
sandstones, green, grey, red, blue, and variegated marls and shales, sometimes full of 
terrestrial plants. They are well exposed on the Pembrokeshire coasts, marine fossils 
being there found even among the argillaceous beds at the top of the Red Sandstone 
series. They occur wdth a thickness of about 500 feet in the gorge of the Avon near 
Bristol, but show less than half that depth about the Forest of Dean. At their base 
there lies a bone-bed containing abundant palatal teeth. Not far above this horizon 
plant-bearing strata are found. Hence these rocks bring before us a mingling of terres- 
trial and marine conditions. In Yorkshire, near Lowther Castle, Brough, and in 
Ravenstonedale, alternations of red sandstones, shales, and clays, containing Stigmaria 
and other plants, occur in the low'er part of the Carboniferous Limestone. Along the 
eastern edge of the Silurian hills of the Lake District, at the base of the Pennine escarp- 
ment and round the Cheviot Hills, a succession of red and grey sandstones, and green 
and red shales and marls with plants, underlies the base of the Carboniferous Limestone, 
It is highly probable, however, that these red strata form merely a local base, and 
occur on many successive horizons ; so that they should lie regarded not as marking any 
particular period, but rather as indicating the recurrence or persistence of certain peculiar 
littoral conditions of deposit during the subsidence of the land (p. 652). Farther north, 
in the southern counties of Scotland, the Upper Old Red Sandstone, with its character- 
istic fishes, graduates upw^ard into reddish and grey sandstones with Carboniferous 
plants. 

In Devon and Cornwall a type of the Carboniferous system is found, wdiich, though 
it does not occur elsewhere in Britain, has been ascertained to reappear and to have a 
wide extension in Central Europe. It presents a thick series of well-bedded grits, sand- 
stones, shales, often dark grey, with occasional thin limestone and radiolarian cherts, 
and passes down conformably into upper Devonian strata. Though much contorted 
and faulted, like the Devonian formations of the same region, this arenaceous and shaly 
series has yielded a sufficiently large number of recognisable fossils to show' its geological 
position. The plants resemble generally those found in the Calciferous Sandstone series 
of Scotland. The animal remains include species of Orthoceras, Glyphioccro^ {Gonia- 
tiles), Irolemnites {Goniatites), N (mvismoceras {GoniatUes), Pcricydus {Goniatites) , 
Posidonomya (P. , Becheri), Chomtes, Spirifer (S. Urei), Productus (7^. plicatus, • P. 
concentricus), Orthis Miclielmi, Phillipsia, Grijffithidcs, Proeius, Cmlac-anthus elcgms, 
ElonicMhys Aitkeni, kc. , an assemblage that also points to a position low down in the 
Carboniferous system. The siliceous bands or chert.s, and some of the softer shales 
have yielded '23 genera of radiolaria.*'^ This series of strata is known as the Culni- 


^ The plants here mentioned are given on the authority of Mr. Kidston in his paper in 
Proc. Roy. Phys. Soc. Edin. cited above on p. 1037. 

2 G. J. Hinde and H. Fox, Q. J. G. S. li. (1895) ; Trans. Devon. Assoc, xxviii. (1896), 
p. 774. Gen. M ‘Mahon, Geol. Mag. 1890, p. 106. 
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measures, and the name Culm has been adopted as the designation of this type of 
Lower Carboniferous rocks abroad. Bands of tuff, diabase, &c., mark contemporaneous 
volcanic activity during the depjosition of the Devonshire 

In the south and south-west of England, and in South Wales, the base of the 
Carboniferous system consists of certain dark shales known as Lower Limestone 
Shale, in which a few characteristic fossils of the Carboniferous Limestone occur. 
The distinctive lamellibranch is Modiola Macadamii. These basement beds vary up to 
rather more than 400 feet in thickness. They are overlain conformably by the thick 
mass of limestone, which in Britain and Belgium forms a characteristic member of 
the Carboniferous system. 

The name Carboniferous Limestone (or Mountain Limestone) was given by 
Conybeare to the thick mass of limestone which in the south-west of England is inter- 
posed between the Old Red Sandstone and the Coal-measures. As the geological 
structure of the country came to be more fully known, the limestone was found to pass 
laterally into sandy and argillaceous strata. The term Carboniferous Limestone Series 
is now applied to this division of the system, which attains its greatest thickness in the 
north, though the limestone there forms a subordinate part of the whole series. Towards 
the south, on the other hand, the limestone increases in dimensions till it practically 
constitutes the entire thickness of the series. In the Pennine chain, which forms the 
axis of the north of England, the Carboniferous Limestone series attains a thickness of 
nearly 4000 feet, yet this is not its entire depth, for its base is not seen. Of this great 
thickness the lowest visible 1600 feet consist of limestone. Traced southward this lime- 
stone increases in magnitude, till in the Mendip Hills it attains a thickness of about 
3000 feet. Followed, on the other hand, towards the north, the calcareous part of the 
series diminishes in Scotland to a few thin seams of limestone, the main mass of rock 
consisting of sandstone and shale with seams of coal and ironstone. The Pennine 
chain appears to have been the area of maximum depression daring the early part of 
the Carboniferous period in England. The great and rapid variations in thickness of 
the limestone may indicate inequalities in the downward movement, and perhaps to 
some extent irregularities in the growth of corals and the accumulation of calcareous 
d4bris. The gveat mass of 3000 feet of limestone in the Mendip Hills dwindles down to 
less than 400 feet in the Forest of Dean, a distance of only some 30 miles. The thick- 
ness sinks at Abergavenny, in the east of Glamorganshire, to hardly more than 100 feet 
of thin seams of limestone and shale. Thirty miles to the south, at Barry, it has 
increased to more than 1000 feet, while only 20 miles farther west, at Porthcawl, it is 
estimated to he as much as 4500. The whole of the Carboniferous rocks of South 
Wales thicken towards the south and west. It is therefore surprising to find that 
towards the western limits of the region the Carboniferous Limestone on the coast of 
Pembrokeshire disappears altogether, and the Coal-measures come immediately next to 
the older Palseozoic rocks’. This structure, however, is not improbably due to gigantic 
overtbrusts, whereby the Carboniferous Limestone has been concealed. 

Where typically developed, the Carboniferous Limestone is a massive well-bedded - 
limestone, chiefly light bluish-grey in colour, varying from compact homogeneous to 
distinctly crystalline in texture, and rising into ranges of hills, whence its original name 
"‘Mountain Limestone.” It is sometimes, especially near Bristol and along the north 


. ^ De la Beche, ‘Geology of Cornwall,’ &c. Ussher, Geol. Mag. 1887, p. 10; Proc. 
Somerset Arch. Nat. Hist. Soc. xxxviii. (1892), pp. 111-219. 

^ De la Beche {Mem. Geol. Surv. i. p. 112) states that the limestone is there overlapped 
by the Coal-measures. But the complicated structure of the ground was not realised in his 
day. This region is now being mapped in detail by the Geological Survey, and its structure 
will soon be better understood. See the published maps and the successive Parts of the 
Memoir on the South Wales coal-field. 
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crop of tlie Soiitli Wales coal-iield, distinctly oolitic^ and often contains occasional 
scattered irregular nodules and nodular beds of dark cliert (pditanite).^ Tliougli it is 
abundantly fossil iferous, little lias yet been done in working out in detail the success- 
ive life-zones of this great mass of rock, as has been performed so well for the corre- 
sponding limestone series of Belgium.*^ Prodiictus giganteusB.n(l P. corn have been claimed 
as distinctive of the thick limestone, but the former ascends far above that platform. 
Some of the other organisms certainly range through the whole of the Carboniferous 
Limestone series, even up into the Coal-measures, such as Productus scmirdiculatiis, 
P. scahrie^Lhcs^ Edmondia rudis^ Lithodomus {Modiola) lingucdis and species of Lingula, 
indicating a long continuity of the same general geographical conditions. Some portions 
of the limestone are made mainly of bunches and sheets of coral {Lithost ration, Phillips- 
astrma, &c. ), while solitary cup corals {ZaElirentis, Cyathophyllum, &c.) are often pro- 
fusely abundant. Many of the sheets of calcareous material consist almost entirely 
of the joints and broken stems of crinoids, mingled with valves of brachiopods and 
lamellibranclis, gasteropods and cephalopods of the genera already enumerated, while 
occasional teeth and spines of the elasinobranch fishes are dispersed through the rock. 
Such deposits point to clear and moderately deep water, into which little or no ordinary 
sediment was carried from the land, but where a prolific marine fauna gradually built up 
masses of limestone hundreds or even thousands of feet in thickness. Mr. Tiddeman 
has described under the name of “ reef- knolls ” certain mound -like aggregations of 
calcareous matter, which he supposes to be partly of the nature of coral-reefs."^ 

On a weathered surface of the limestone the fossils commonly stand out conspicuously, 
as their more largely crystalline calcite enables them to resist the atmospheric influences 
better than the fine detrital material in which they lie. Even, however, limestones 
which may appear to the naked eye destitute of fossils and structureless, may be shown 
by the examination of thin slices of them under the microscope to be crowded with 
organic remains, both entire minute forms (spicules, foraminifera, radiolaria, &c.) and 
fragments of larger kinds. Diversities of colour and lithological character occur, 
whereby the bedding of the thick masses of limestone can be distinctly seen. Here and 
there, a more markedly crystalline structure has been superinduced ; while along lines 
of principal joints the rock on either side for a breadth of 20 or 30 fathoms is occasionally 
converted into yellowish or brown dolomite or ‘‘diinstone” (see p. 426). 

In England and in Ireland interesting evidence exists of submarine volcanoes during 
the time of the Carboniferous Limestone. In Derbyshire sheets of basalt-lava and tufl‘, 
locally termed “toadstone,” together with some volcanic vents filled with agglomerate 


^ In Clamorganshire a band of white oolite 40 feet thick lies in the middle of the main 
Umestone, while some parts of the lower limestone are also oolitic. 

2 The chert bands of the Carboniferous Limestone have been shown l)y Dr. Hinde to be 
largely composed of spicules of siliceous sponges, Oeol. Mag. 1887, p. 435 ; and ‘ British 
Palaeozoic Sponges,’ Pal. Soc. for 1887, 1888. He has also described similar beds from the 
Permo-Carboniferous rocks of Spitzbergen, Geol. Mag. 1888, p. 241. 

As examples of recent careful papers descriptive of the Carboniferous Limestone and the 
distribution of its fossils, reference may be made to two memoirs by the late G-. H. Morton on 
the Yale of Clwyd and on Anglesey, Proc. Liverpool Geol. Soc. 1898 and 1901 ; and 
to the memoir by Dr. Wheelton Hind and Mr. J. A. Howe, Q. J. Q. S. Ivii. (1901), pp. 
347-402. 

Brit. Assoc. 1889, p. 600 ; 1900, p. 740 ; Geol. Mag. 1901, p. 20. Mr. Marr regards them 
as probably due to local thickening as a consequence of rupture and overthrust (Q. /. G. S. Iv. 
1899, p. 327 ; see also Lamplugh, ayj. cit. Ivi. 1900, p. 11).- W. Hind and J. Howe, op. cit. 
Ivii. (1901), p. 361. The original reef-knolls dfescribed by Mr. Tiddeman from the Clitheroe 
district appeared to me to be due to the irregular aggregation of submarine organic debris 
in situ, though I could not detect any true reef-structure. 
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and tuff, mark one of the centres of eruption.^ Another is to be seen at the south end 
of the Isle of Man/-^ A third appears in Somerset^ (Fig. 334), and a fourth in Southern 
Devonshire.^ Two -widely separated volcanic tracts have been found in Ireland, one in 
King’s County, the other, on a niueli larger and more diversified scale, in Limerick.® 
It is in Scotland, however, as will be immediately referred to, that the most remarkable 
proofs of abundantly active Carboniferous volcanoes have been preserved. 

In the Carboniferous areas of tlie south-west of England and South Wales, the limits 
of the Carboniferous Limestone are well defined by the Lower Limestone Shale below, 
and by the Farewell Kock or Millstone Grit above. In the Pennine area, however, the 
massive limestone passes laterally into a series of shales, limestones, and sandstones, 
known as the Yoredale Group.®' These cover a large area and attain a great thick- 
ness, In Korth Staffordshire they are 2300 feet thick. In Lancashire they attain 
still greater dimensions, Mr. Hull having there found them to be no less than 4500 feet 
thick. Both the lower or main (Scaur) limestone and the Yoredale group pass north- 
wards into sandstones and shales with coal seams. In Northumberland, the Carboni- 
ferous Limestone series has been grouped into the following subdivisions : — 

Upper Calcareous group, from the base of the Millstone grit to the Great Lime- 
stone, 350-1200 feet. 

Lower Calcareous group, from the Great Limestone to the bottom of the Dun or 
Redesdale Limestone, 1300-2500 feet. 

Carbonaceous group, Scremerston coals, from the Dun Limestone to the top of the 
Fell Sandstone, 800-2500 feet. 

Fell Sandstone, 500-1600 feet. 

Tiiedian or Cement Stone group, 500-1500 feet. 

Basement conglomerate. 

These subdivisions are not all fully developed in any one district, but the average thick- 
ness of the whole is at least as great as in districts farther south. 

Traced northwards into Scotland, the Carboniferous Limestone series undergoes a 
still further petrographical and palaeontological change. Its massive limestones dwindle 
down, and are replaced by thick courses of yellow and white sandstone, dark shale, and 
seams of coal and ironstone, among w’hich only a few thin sheets of limestone are to he 
met with. Scottish geologists have named the lower part of their Carboniferous system 
the Calciferous Sandstone series. It passes down conformably into the Upper Old 
Bed Sandstone, and graduates upwards into the base of what is known as the Carboniferous 
Limestone series of Scotland. There can be no doubt, however, that it is really the strati- 
graphical equivalent of the greater part of the Carboniferous Limestone of England, 
including both the Lower Limestone Shale'and the Yoredale rocks.^ The Calciferous 
Sandstones present two distinct types of sedimentation. In the more usual of these, 
known as the Cement-Stone group, the strata consist of thin-bcdded white, yellow, and 


^ ‘Ancient ‘Volcanoes of Great Britain,’ chap. xxix. and authorities there cited. H. 
Arnold Bemrose, Q. J. 9, S. 1. (1894), p. 603 ; Iv. (1889), pp. 224, 239, 548. 

^ J. Horne, Trans. 9eol. Soc. Edin. ii. (1874), p. 332. B. Hobson, Q. J. 9. JS. xlvii. 
(1891), p. 432 ; Yn Lioar Manninagh, Douglas, January 1892, p. 337. A. G., ‘Ancient 
Volcanoes of Great Britain,’ chap. xxix. The geology of this island has been worked out 
in detail by Mr. Lamplugh for the Geological Survey, and his memoir on the Geology of the 
Isle of Man is now in the press. 

^ Summary of Progress of Qeol. Surv. for 1898, p. 104. 

^ De la Beche, ‘Eeport on the Geology of Cornwall,’ &c. (1839), p. 119. F. Rutley, 
“ The Eruptive Rocks of Brent Tor,” ATm. GeoL Surv. (1878). Q. J. G. S. xxxvi. (1880), p. 
286. General M‘Mahon, ojp. cit. 1. (1894), p. 338. 

® ‘ Ancimit Volcanoes of Great Britain, ’ chap, xxx., and references there given. 

® Dr. -Wheelton Hind, Geol. Mag. 1897, pp. 159, 205. 

7 See W. Gunn, Qeol. Mag. 1898, p. 342. 
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green sandstones, grey, green, blue, and red clays and shales, with thin bands of x>ale 
argillaceous limestone or cement-stone. Seams of gypsum occasionally appear. These 
dex^osits are, on the whole, singularly barren of organic remains. They seem to have 
been laid down with great slowness, and without disturbance, in enclosed basins, which, 
as a rule, were not well fitted for the sui)port of animal life, though occasional ostracod 
limestones and other traces of organisms may be noted, while fragmentary plants serve 
to show that the adjoining slopes \vere covered with vegetation. The cement- stone 
group in Central Scotland is overlain with an important volcanic xdatform, to which 
reference will immediately be made, hut in the southern counties a corresponding 
Xdatform lies below it. The second type of the Calciferous Sandstones is well developed, 
ill the Lothians and Fife. It may there he seen lying upon the volcanic rocks that 
cover the normal cement -stone group, of the upper part of which it may be the 
equivalent. It is known as tlie Burdie House or Oil-shale group, and consists of yellow, 
grey, and white sandstones, with blue and black shales, clay- ironstones, limestones, 
‘ 'cement-stones,” and occasional seams of coal. The sandstones form excellent building 
stones, the city of Edinburgh having been built of them (p. 165). Some of the shales are 
so bituminous as to yield, on distillation, from thirty to forty gallons of crude petroleum 
to the ton of shale ; they have consequently been largely worked for the manufacture 
of mineral-oil. The limestones are usually dull, grey or yellow, and close-grained, in 
seams seldom more than a few inches thick, and graduate by addition of clay and 
protoxide of iron into cement-stone ; but occa.sionally they swell out into thick lenti- 
cular masses like the well-known limestone of Burdie House, so long noted for its 
remarkable fossil fishes. This limestone appears to be mainly made of the crowded 
cases of a small ostracod cviista^oesai {Lepcoxlitia OJceni, vai\ scoio-burdicfale^isis). The 
coal-seams are few and commonly too thin to be workable, though one (Houston coal) 
lias been mined in Linlithgowshire and several others in East Fife. The fossils of 
tire Burdie House group indicate an alternation of fresh or brackish water and marine 
conditions. They include numerous plants, of which the most abundant are Calym- 
‘matotheca [^Sphenopteris] affinis (Fig. 401), Rhacopteris fiabellata,, Sphcnoptcris pachy- 
rachis, S. bifida, Lepidodendron wlkmannianum, L. veltJicvniianum, Zepidostrobus fim-^ 
hriatiLS, Calamites, Stigmaria ficoidcs, Amucarioxylon. Ostracod crustaceans, chieliy 
the Leperditia above mentioned, crowd many of the shales. With these are usually 
a.saociated abundant traces of the presence of fish, either in the form of coprolites, or 
of scales, bones, plates, and teeth. The following are characteristic ganoid species : 
JSloTjiditkys striolatus, Z. Rohisoni, Rhadiovichthys wnatissimus, NchiatoptycMm 
Greenoclcii, Eurynotus crenatus (Fig. 400), Rhizodm Hibberti, Megalichthys sx). with 
the selachians Gyracanthus formosus, Callopristodus {Ctc7ioptychius) pectinaf/us and 
'IWistidiius armiatus. At intervals throughout the group, marine horizons occur, 
usually as shale hands marked by the presence of such distinctively Carboniferous 
Limestone species as Spirorbis ca^'bonarius, OrbiaCloulea {Discina'\ nitida. Lingula 
,squamiformis, L. mytiloides, Murehisonia, Eellerophon decussatus, Goniatites, O^'thocems 
cijlindracmm, 0. sulcatum. The marine bauds increase in number in the East of Fife.^ 

One of the most singular features of the Lower Carboniferous focks of Scotland is 
the prodigious abundance of intercalated volcanic rocks. So varied, indeed, are the 
-characters of these masses, and so manifold and interesting is the light they throw 
ux>on volcanic action, that the region may be studied as a typical one for this class of 
phenomena. (See Book IV. Part VII. Sect, i.) Inland sections are abundant on the 
■sides of the hills and in the stream-courses, while along the sea-shore the rocks have 

^ For descriptions of the Calciferous Sandstone gronx), see Maclaren, ‘ Geology of Fife 
and the Lothians ’ ; also the Explanations to accompany the Ma])s of the Geological Survey 
of Scotland, particularly those on Sheets 14, 22, 23, 32, 33, and 34 ; the Memoir on Central 
.and Western Fife (1900) and that on Eastern Fife (1902). T. Brown, Trans. Roy. Soc. 
Edin. xxii. (1861), p. 385. Kirkhy, Q. J. (J. S. xxxvi. p. 559. 
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been admirably exposed. Two great phases or types ol* volcaiiii; action during t arboui 
ferous time may be recognised : (1) Plateaux, where the V(»lcauie nialeriaN. diM-liaigp 
copiously from many scattered openings, now form broad tablelands or of Inil n 

sometimes many hundreds of square miles in extent and 1500 ftict, «u’ mor.- in tlin'liii- iH : 
(2) Puys, where the ejections were often eoiifmed to the discharge of a Hitiall ainoiiiit of 
fragmentary materials from a single iudependeut vent, and where, wlc-n la\a:i .uid 
showers of ash were thrown out, they generally covered only a small aiea nuiifd ilie 
volcano which discharged them.’ 

The Plateau type of eruption was .specially developed during the depe,,itiHit **! tlo 
Calciferous Sandstones. Its lavas consist of augiti'-olivine rocks {pieritcH. lijiiburgih'^n 
basalts, andesites, and trachytes, while its necks or vents are lilirfi with ngghun. j 
felsites, and in East Lothian, plioiiolite.s. Sheets of tuff are intercalated among tin 
bedded lavas. The Puy tyi»e was, on the whole, of later date, reaching i\s rhi* f dc 
velopnient during the time of the Carboniferous Liniestone. Ih la van are listegly Ua mUh 
of various types, together with lirnhiirgite.s, pi<*rit(rs, and dialnifteH, I uli i and ag 
glonierate.s are abundant, not infreijuently containing organic remainH ' . 

While the scattered vents of the luiys, with tlndr asKociated lavan and fiillH, or. nr 
on many horizons, the plateaudavas occupy a tohu'aldy definiU' pMj^itimi in th*' t'ah n 
ferous Sandstones, though sometimes eoniined to the lower part of timf group, ’loinefnia * 
ascending to the very base of the Oarh(»niferous Liine.sti^ne .series, 'rhin vob anic /oiie 
forms an important feature in the geology of Southern Seoihuul. (a»inpoH*d «»f iM iiIy 
horizontal sheets of andesite, (liaha.se, and basalt, it extends from tin* Llydr i-tliind-® 
on the west to Stirling on the ea.st, and .sweep.s in high tablelanils through Hi ntrewfdiiie 
and Ayrshire. It reappears in East Ijothian, and presentn there Hmnc mid 

remarkably fresh trachytie lavas. In Berwickshire, RoxbiirgliHliiro, and Kii kcudhriglit, 
the volcanic sheets already referre<l to intervene lad wecn the t«»p of I hr Old Ih d 
Sandstone and base of the Cement stones, and extend a(;r«iHH into the Engli di boi 4«i . 

The Carboniferous Limestone seritis of Scottish gi'ologinlH, probably 
the upper part of the Carboniferous Lime.stone of Englami. The main or Twidvi? fat hoin 
limestone of Yorksliiro, whicli lies not far below the Millstone grit, ha^ been tra« ed inlo 
the north of 14orthiimberlaii(l. Tins continuity (»f the outcrops in thru inf«'rriipl«*d by 
the Silurian ridge of the Lammormuir Hills, but if tin* ideniilicatioii of the 
Yoredale limestomis of Northumberland with the lower limeslmieH t»f lh«’ Hroffi^li stcrir?* 
near Dunbar be correct, it will follow that the so-called “Carbonifcroim Lifiir4oiir 
of Scotland lies above the Yoredale rocks, and indicates a great northward drveb#pii»fiit 
of the highest strata of the Carboniferous lamestonu Heriesof England,'^ An reprenenird 
north of the Tweed, this series consists mainly of snndstonoH, Hhahm, fire efayn, mid rrml 
seams, with a few comparatively thin seams of eiicrinal limeHtomi, The tldt kvjd *d 
limestones, known as the Hurlet or Main liinestoiie, is usually about fi fed in 
but in the north of Ayrshire swells out to 100 feet, vvdiiedi is the iuo*«l niii?(»dvi! Imd *4 
limestone in any part of the Scottish Carhoniferous system. It i>i iiiiiib’ of muriiiti 
organisms, some parts being sheets of lithodendron coral. Together with the 
overlying it, it is the great repository of the marine fossils of the It foriiw iitu* 

of a group of limestone beds at the base of the series, and lies upon a w‘mn of roab in 
some jdaces associated with pyritous shales, which have iHum largely %viirki*d iw a notirre 
of alum. This superposition of a bed of marine liim^Mtone on a gcani of coal ul 

frequent occurrence in Scotland.® Above these lower limcHtoncH comcH ii lliick tif 

^ The volcanic geology of this region is fully disiMissed in my ‘Ancitml Vo|raiior» »»f Urviit 
Britain,’ and in the GeoL Siirr. Afemoirfi edted on the previous pag».% H«.»c tilwi pp. 

749-753, 755-764. 

2 W. Gunn, Geoi. A/cq/. 1898, p. 342. 

® B^or examples of remarkalde alternations of marine and lagoon coiidilif.i«Pi. 

Survey Alemoir, “Eastern Bdfe,” 1902. 
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Htnitfi, fontfiiiiing many valualtb*. nnal -Kimms and iroiistoiK'K (Lower or Edge Coals). 
Srnne of tln'se .Htrata are full <»f terrestrial plants [Ij'pidodtMulrmij Sti(jnu(ri((, 

Sphf,ii»pin‘tH, ; (»tli<*r.H, partumlarly the irouHtones, and the. Hhah‘H asHOciated 

with the linif’Ht.oneH and ironHtonen, (‘(mtain marine sludls, Hiie.h m /A'tKjiild, nrhiciiloideK, 
Xaniititui ■ l,tdt( , /unimphtdim. Nnmertju.H remains of fishew have, been obtained, 

more tfspeihtlly from Home of the ironstones ami eoals UhjntnDdJinH J'ormmuH and other 
fni-s|*im*H, Mrijititi'hthijH //ihht'/ii\ I/ihhrrtlj with H})ee:i(\s of Flo/iirhfh//ff, Acan- 

fhffifH, tl'r, <. IhonuinH of lahyrintluKloiits have also been found in this 

group of Htnda, and have been det,(M*t(‘d evendown in the Burdie House limestone. The 
liighest division of iheSeottish t 'arhordfenaiH Iiiine.st<»ne series consists of a group of 
samlitom's ami .'diah’s, with a few eoal-seanis, and three, sonietinics more, bands of 
manne limestone. Although these limestones are each only about 2 or 3 feed, thick, 
they hive :i wsimlorfal persiMtem-o throughout the <-oal-fiel<ls of Central Scotland. As 
already meufioued p, tlfil ), ( low” can he traced over an area of fit h^ast 1000 square 
mile., th,y probahly «”Xtendecl originally over a eonsidenibly gresit(^r region. The 
Hmlef lim» >tom*, with its underlying eoal, can also he. followfjd afU’osH a siniilar extent 
of eMUiitry. Hem-e it i.s evi<lent that, during eeriaiii iqxfehs of the Carboniferous period? 
a f«nigul.u uniformity of eonditions prcvnile<l over a large region of diqfosit in the centre 
of Sro| land, 

A;> aiiove a dint inguisldiig fratun^ of tint Carhoniferous Limestone series of 

Seothiiid is file abundance of its interealated vohtanie rocks of the puy type. They are 
Well i|rveiop»>d in thi» iuiKin of the Forth and in North Ayrshire. 4'1 h; hivas and tulfs 
;»i» inf erbi'ddcd among tlie <u’diiniry sedinieiitary stnita, and th(‘, tuffs are. sometimes 
full »4 plant?* or of inarim* shells, crinoids, A<'. (pp. 755, 75«l). The vohuinic activity 
r;caf»r'd bitfoi'c the tinn* of the Millstone Crit. 

The dilfVreiicc hetwaom the lithological eharacters of the Cai’bonihu'ous Limestone 
Hi iiH typical development as a great marine formation, and in its arenaceous 
and III gillaceom* piolongation into the north of Fnginud and Se.othmd, has long been 
a faiidliar example of the nature ami ajiplieation of the evidiun't* furnished by strata as 
to foiiiiri gcograpliical conditioiiH. It hUowk that the <leep(*r and (dearer waUu* of the 
< ';iiibondcionfi Hprnid over the site of the eeiitral and south-western tiarts of England ; 
llmf land lay to the north, ami that, while the whole area was undergoing Huhsuhmea?, 

I lie imuimurn niovi’ineii! took place over the area of dei'per wai.(U’. d'he siuliment 
«bujvrd loun the iimlh, during the time of tlie Carhoniferous Lilm'siom', seiuns to have 
mmk to the bottom br forc it could reach tlie great himin in which formniidfers, (’(irals, 

» niioiiLi, amt ii»ollii%hH were building up the thick calcareous (hqiosit. Vet the tliin 
ii»ie?4iMii« lifiiidH, ivhich run so per-Hinteiit ly among the Ioust ( larhonibuams rocks in 
8. (ii|-iriiL prove Ibitl ihrr»* were *K*cusional epi-^odcs during whi<‘h Hcdiment ceased to 
arrive, and wten flie sano’ species of shelln, eorals, aud (trirndds ,s]»re.ad northwards 
loivfifil*! the land, forniing for a time, over the seudmttoiii, a continuous sheet of enl- 
rareoiw oii/e, like fhiil. of the deeper water farther south, d’he.s** iut.erv'als oi linHistrunj- 
gfo%ftti no ilouhf. prdrit fo time?* of more nipi«l submergence, jierinips also to oth(?r 
grogriipliiciil changes, wlii'reby the sediment was for a time prevented from spreading 
»«i f'iir. Il fmiher fli'Herving of reiii.ark fhal the fossils in these thin upper linn^Htones 
ill .MnitJarifi, llimigis specitically identieaf with thone in the thick lower limesioncH and 
ill the liiJivuve Ciirboniferotm Limestone ofeentral and nonf h* woHfern Kngland, an? often 
<hvaffr»i il’' if the eondifioriH of life weri? much less favourahle than whiu’tj the 

!lijcli*‘r of eafcjireoim material were aecumuluted. The (mrals, for iristama?, ate 

gi'iierally b-w in iiumber and small in si/e, and the large }*rml iitinn (/*. (jbitmiviiH) is 
reduf’eil to a half of ffiiid of its muml dimension^. 

Vi»'W‘i'»I * 1 % a whole, flic Carhruufermia Limehtoiic serie.s of the nortimrn part of tlm 
lirili^ih iiieii roiiliiiiw the records of n longu'ontinued hut iiitennittmit procesH of sub- 
feiileiice, 1lic mimmm'i coah- seams, with their under-clfiys, nniy ho reganhai as Hurfa(U‘H 
of %’rgetiitiMii thill grew ill luxuriance on wide marine mnddlatM. They mark pauseH in 
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the subsidence. Perhaps we may infer tlie relative len|(tli of tlifHr piuon'H fiiou the 
comparative thicknesses of the coal-seams. '’I'ho overlyin^^ and in ter veiling.!: .^and 4oiii'.< 
and shales indicate a renewal of the downward inoveiiient, and the gradual iiitiliing of 
the depressed area with sediment, until the water once inon* slioaleti, and fin* vrgetniifiii 
from adjacent gwamps spread over the muddy ilats as before. I'ln* oeeasienal line nf uijr* > 
serve to mark epochs of more prolonged or more rapid subsidenee. \vh**ii marine life wivi 
enabled to flourish over the site of the submerged forests. Ibil. that the i vrii 
though tenanted in these northern parts by a limestone-making fauna, \uis n«»t ?.** tdriii 
and well suited for the development of animal life during sonift of tbe.s«- su!*iiteigf*n» rH 
as it was farther south, seems to be proved by the paucity and dwarfed bniu s <*f fhr 
fossils, as well as by the admixture of clay in the stone. 

Ireland presents a development of Carboniferous rocks, which <>n tin* ulmie follow^ 
tolerably closely that of the sister island. In the northern c-ouiitieK, ilir loiie-i 
members are evidently a prolongation of the type of the Scottish Calcifcroim Sand'dtme^ 
and Carboniferous Limestone. In the southern distric.ts, InAvever, a very disl iin l. and 
peculiar facies of Lower Carboniferous rocks is to he observed, between the Old Ked 
Sandstone and the Carboniferous Limestone there occurs in the county of C'^rk an 
enormous mass (fully 5000 feet) of black and dark-grey shahis, iinjujrc iiineHtone«, and 
grey and green grits, which ‘have been so affected by slaty cleavage as to have ahMimcd 
more or less perfectly the structure of true cleaved slates. To these rock the iiiime o| 
Carboniferous Slate was given by Griffith. They contain nuineroiiM ( ■arboiufcroii% 
Limestone species of brachiopods, eeliinoderni.s, &c., as w(*U sns traces of land plants in 
the grit bands. Great though their thickness is in Cork, they rapifliy chiinge tlirir 
lithological character and diminish in mass, a.s they ant traced away from tlint difiiricf, 
In the almost incredibly short .space of 15 miles, the wliole oV lim 5000 feet of 
Carboniferous Slate of Bantry Bay seems to have {lisappcared, and at Keiimnre lli»* Gl*l 
Bed Sandstone is followed immediately and conformably by the LiiiicHfonc with it* 
underlying shale. This rapid c-haiige is probably to be explainmi, as Juke?* 
by a lateral passage of the slate into limestone ; the Carbonifiucms Hlatc bfing, m pari 
at least, the equivalent of the Carboniferous Lirnc.stone. Between Bambm and Cork 
the Carboniferous Slate is conformably overlain by dark .sludes containing C *oabmri»ujfe 
fossils, and believed to be true Coal-measures. Hence in the south of Ircliind, tim 
thick calcareous accumulations of the limestone soric.H appc*ar to \m replaced by a 
corresponding depth of argillaceous sedimentary rocks, ^ 

The Carboniferous Limestone covers a largo part of Ireland. It iittuiinH a maxiimifn 
m the west and south-west, where, according to Mr. Kinahan;-* it consists in Limerii-k 
of the following subdivisions : — 


Upper (Burren) Limestone 
Upper (Calp) Limestone 

Lower Limestone . 

Lower Linie.stone Sliale.s , 


Bedded lime.stone . 

hWt. 

*ilO 

Cherty zone .... 


Limestones and shale.H 

loop 

Cherty zone .... 

. . IP 

FeneMella lime.stone 


Lower cherty zone . 

. . L'n 

Lower shaly limc.stoncs . 



IW 


fliligi 


The cliert(phtanite) bands which form such marked horizons among thes.^ 
are counterparts of those found so abundantly in the Carboniferous Limltom. of Kugh.ml 
and Scotland. Portions of the limestone have a dolomitic ..baracter, and someli^! a. ' 


' J. B. Jukes, Memoirs Geol. Surrey, IreUnd., Explanation of 
^02, p. 18 ; Explanation of Sheets 187, 195, and 196, p. 35. 

■ ^ ‘ Geology of Ireland,’ p. 72. 
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oolitic. Great sheets of basalt and tuff, representing volcanic eruptions of con- 
temporaneous date, are interpolated in the Carboniferous Limestone of Limerick (Fig. 
332). As the limestone is traced northwards, it shows a similar change to that which 
takes place in the north of England, becoming more and more split up with sandstone, 
shale, and coal-seams.^ 

2. Millstone Giiit. — This name is given to a group of sandstones and grits, with 
shales and clays, which runs persistently through the centre of the Carboniferous 
system from South Wales into the middle of Scotland. In South Wales it has a depth 
of 400 to 1000 feet ; in the Bristol coal-field, of about 1200 feet. Traced northwards it 
is found to be intercalated with shales, fire-clays, and thin coals, and, like the lower 
members of the Carboniferous system, to swell out to enormous dimensions in the 
Pennine region. In North Staffordshire, according to Mr. Hull, it attains a thickness 
of 4000 feet, which in Lancashire increases to 5500 feet. These massive accumulations 
of sediment were deposited on the north side of a ridge of more ancient Palieozoic rocks, 
which, during all the earlier part of the Carboniferous period, seems to have extended 
iicross central England, and which w'-as not submerged until part of the Coal-measures 
had been laid down. North of the area of maximum deposit, the Millstone Grit thins 
away to not more than 400 or 500 feet- It continues a comparatively insignificant 
formation in Scotland, attaining its greatest thickness in Lanarkshire and Stirlingshire, 
where it is known as the “Moor Rock.” In Ayrshire it does not exist, unless its 
place be represented by a few beds of sandstone at the base of the Coal-measures. 

The Millstone Grit is generally barren of fossils. When they occur, they are either 
plants, like those in the coal-bearing strata above, or marine organisms of Carboniferous 
Xiimestone species. In Lancashire and South Yorkshire, indeed, it contains a band of 
fossiliferoiis calcareous shale undistinguishable from some of those in the Yoredale 
group and Scaur limestone. 

3. Coal-Measures. — This division of the Carboniferous system consists of 
numerous alternations of grey, white, yellow, sometimes reddish, sandstone, dark-grey 
and black shales, clay-ironstones, fire-clays, and coal-seams. In South Wales it attains 
a maximum depth of 4800 feet ; in the Bristol coal-field, about 6500 feet, in North 
Staffordshire about 5000 feet, which in South Lancashire increases to 8000. These 
great masses of strata diminish as we trace them eastwards and northwards. In 
Derbyshire they are about 2500 feet thick, in Northumberland and Durham about 2000 
feet, and about the same thickness in the Whitehaven coal-field. In Scotland they 
attain a maximum of over 2000 feet. Some of these remarkable variations in thickness 
take place within short distances, as we have seen to be also the case in regard to the 
Carboniferous Limestone series. Thus in the South Wales coal-field the Coal-measures, 
like the limestone, are thinnest towards the east and rapidly thicken westward. They 
are 1880 feet thick in Monmouthshire, and swell out to 3126 in the east of Glamorgan- 
shire and to 4753 feet in the we.st of the same county. Yet the direct distance within 
which this increase takes place is not more than 40 miles. There can be little doubt 
that the Carboniferous period was one of considerable terrestrial disturbance, some 
areas sinking, others remaining long stationary, and others undergoing upheaval. The 
occurrence of a marked unconforrnability in the Shropshire Coal-measures affords a 
striking proof of these movements.- 

It must of course be borne in mind that except possibly in some parts of the 
Midlands the visible top of the Coal-measures is in Britain a denuded surface even 
when preserved under later formations, and that it is impossible to say how* much 
of the strata originally deposited has been removed. Palaeontological considerations, 
to be immediately adverted to, indicate that the closing part of the Carboniferous period 
is not now represented in Britain by fossiliferoiis strata. Towards the end of the 

^ Hull’s ‘ Physical Geology and Geography of Ireland,’ 2nd. edit. (1891 ), p. 49. 

2 spone, Q. J, G. S. Ivii. (1901), p. 86. 
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Carboniferous period, possibly also within early Permian time, tlie terrestrial disturbances 
increased so much that the Carboniferous system was in many, if not most, districts 
of Britain npbeaved so as to be exposed to denudation. In some areas the denudation 
was so great that the Permian rocks, as in the case of the Magnesian Limestone of 
Durham, sweep across the denuded edges of the Coal-measures, Millstone grit, and even 
the higher parts of the Carboniferous Limestone. 

The Coal-measures are susceptible of local subdivisions indicative of different and. 
variable conditions of deposit. The folloAving table shows the more important of 
these; — 


Bristol AND So-merset. 

Feet. 

Upper serie.s, coin- 
prising the Ead- 
stoek series of sand- 
stones and .shales, 
with 8 seams of 
coal underlain, by 
the Farrington 
series, with a group 
of red shales having 
a distinctive flora 2000 
Middle series, chiefly 
sandstones with 
Pennant grit (970 
feet) . . . 2000 

Lower series, con- 
sisting of an upper 
group (Kingswood, 

&c.) and a lower 
group (Bristol, Vob- 
ster), of sandstones, 
shales, and coals . 2500 

Millstone Grit. 


Glamorganshire.! 

Feet. 

Upper series : sand- 
.stones, shales, &c., 
with 7 workable 
coal- seani.s, more 
than . . . 1300 

Pennant Grit : hard, 
thick -bedded sand- 
stones, and 8 to 7 
workable coal- 
seams . . . 1830 

Lower series : shales, 
ironstones, and 12 
to 25 workable coal- 
seams . . . 1670 

Millstone Grit. 


South Lancashire. 

Feet. 

Upper series : shales, 
red sand.stones, 
Spirorbis limestone, 
ironstone, and thin 
coal-seams 1600 to 2000 
Middle series : sand- 
stones, .shales, clays, 
and thick coal- 
seams. The chief 
repository of coal 

3000 to 4000 
Lower or Gannister 
series : flagstones, 
stales, ami thin 
coals . 1400 to 2000 

Millstone Grit. 


Central Scotland. 

Feet. 

Upper red sand- 
.stones and clays, 
w.ith Spirorhis 
Limestone, probab- 
ly equivalent to the 
Middle Coal-meas- 
ures of England ; in 
Fife upwards of . OOO 
Coal-measures : sand- 
^ stones, shales, fire- 
’days, with bands 
of black-band iron- 
stone, and nuiner- 
ons seam.s of coal, 
probably represent- 
ing the Lower Coal- 
measures of Eng- 
land. Thickness 
in J;anarkshire up- 
wards of . 2000 

Moor Bock, or Millstone 
Grit. 


The Coal-measures of Britain axe marked by evidences of a mingling of lagoon and 
marine conditions. The inimeroiis coal-seams with their underclays indicate the sites of 
wide tracts of swampy terrestrial vegetation. The intercalation of layers of shale and 
ironstone containing wliat were probably fresli-ivater or at least brackish water mollusks 
points to the complete or partial exclusion of the sea from these tracts, while the 
frequent interposition of bands containing undoubted marine shells shows that the sea 
could never have been far distant, but from time to time, during the slow subsidence of 
the region, spread over the submerged jungles. Hence the remarkable alternation of 
terrestrial or lagoon surfaces with the bottoms of shallow seas. 

1. The Loiaer Scries . — The Lower Coal-measures have furnished an abundant flora, 
in which the most common species are Weurojpteris heterojphylla, Jlethopteris lonchiticce, 
A. decurreiis, Splicmpteris dbtusildba, Lepidodmdron opJmirus, Calamites Suekoioii 
and C. rannosus. Sigillaria, though represented by a number of species, is not common. 
Large tree-ferns make their appearance in rare stems of Megaphyto'ii frondosuM and 
M. ocpproxirmtum.^ Upwards of 70 species of marine fossils have been obtained 
from this group, the most distinctive being Amculopecte7i pccpyraceus, Gastrioceras 
(GoiimUtes) carhonariiom, JPosidoniella Isevis, and P. owinor. In Scotland occasional 
bands of marine fossils occur even near the top of the Coal-measures which are believed 
to be the eq[uivalents of the Lower series of England. Thus in Life a shale forming the 
roof of a thin coal at the top of the series contains Lingula^ Orbiculoidea, Procluctus 
semireticwla-kes, Adisina {MurcMsonia) stricctula, Pellerophoii Ureii, Orthoceras^ and 
Discites? 


2. The Middle Series is distinguished by its much richer flora. While it includes the 


^ H. K. Jordan, Address to South Wales List. Engirt. May 1898. “Memoir of 
Geological Survey on South Wales Coal-field.'* 

^ E. Kidston, op. supm cit. p. 225. 

^ J. W. Eirkhy, Q. /. O. S. xliv. p. 747. 
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more frequent species found in the Lower series, it contains many additional forms 
peculiar to itself. The genus S/ihenojJteris here attains its chief development {S. 
grandifrons, 8. Sanxenri, 8. Mcvrrcitii^ 8. rotimdifolia, 8. mixta^ 8. coriacea, 8. JacquoU, 
8. flexuosa, 8. trifoliolata). The genera Odontopteris and Neuropteris are also repre- 
sented by a larger number of species than has been observed on any other horizon, some 
of the species being found only here, together with a number of other genera of ferns. The 
Calamites are strongly rejiresented, also SphenophyUiwi, Lepidodeiidron, and Sigillaria, 
the last-named attaining here its maximum development and being represented by 
some species only found in this subdivision (8, polyploca, S. elongata, 8. deictschiana., 8. 
Saulii, 8. cordlgcnt). Gordaites abounds, its commonest species being here, as in the 
Lower series, C. principalis. The most distinctive mollusks of the English Middle 
Coal-measures are Naiadltes onodiolaris and Anthracomya modiolaris. These shells are 
not found in immediate association with the indubitably marine organisms, but on the 
contrar}-" are mingled with a peculiar assemblage of fishes and reptiles, annelids and 
crustaceans, such as may be supposed to have inhabited brackish or fresh water, 
together with abundant remains of terrestrial vegetation.^ Some of the more 
characteristic fishes are Strepsodus sauroidcs (Fig. 409 b), RMzodopsis sauroides, Mega- 
licJithys llibherti^ Qheirodics granulosus (Fig. 409 a), Janassa lingumformis, Splieoiacantlms 
hybodoides (Fig. 398), RUnracanthm Iscxissimus, Ctenoptycliius apiealis. Some species 
range from bottom to top of the Coal-measures — e.g. Callopristodus pectinatits and 
Gyracanthus forniosus. ^ 

3. The Upper Scries. — This highest subdivision of the English Carboniferous system 
appears to be best developed in the Bristol and Somerset coal-held, but to be present 
also in the Midlands. It has lately been worked out in great detail by the Geological 
Survey in North Staffordshire, where it is capable of subdivision into four distinct 
groups of strata. At the base and passing continuously and conformably down into 
tlie Middle series comes {a) the Black-Band group (300 to 450 feet), consisting of grey 
sandstones, marls, and clays, with some thin coals, black-band ironstones, and scams of 
Spirorbis Limestone, {b) Etruria marls (800 to 1100 feet), red and purple marls and 
clays, with thin bands of green grit and seams of Spirorbis Limestone near bottom and 
top. (c) Newcastle-under-Lyme group (300 feet), grey sandstones and shales with four 
thin coals and an entomostracan limestone at the base, {d) Keele series (above 700 
feet), red and purple sandstones and marls with thin black and grey limestones, grey 
sandstones, and an entomostracan shale at the base.*^ The fiora of this series is 
characterised by the prominence of ferns of the genus Tecopteris, belonging to the 
Cyatheites grouj) of Gb])port (P. a.rborescens, P. orcoptcridea, P. Cistii, P. Ruclclandii, P. 
ptcroides, P. miita, P. crcnulata^ P. pinnatifidet,, &c.), species which are not found on any 
other horizon. Another common fern is Alcthoptcris Serlii. There are likewise peculiar 
species of Sq^henopjteris, Odontopteris, and Neuropteris. Tree-ferns here attain their 
maximum development. Galarnitcs appears to be dying out, likewise Lepidodendron 
and LepidopJiloios, while Sigillaria shows great diminution, being represent(3d by several 
species of which only one {8. tessclata) is common ; of Cordmtes two species are known. 
A specimen of Walcliia has likewise been obtained near Birmingham.-^ The fauna of 
this series has its distinctive shell, Anthracomya Phillipsii, together with Carhonicola 
Vinti, the last British representative of this fresh -water genus. There occur also 
immense numbers of Spirorbis in the limestones, likewise various species of the ostracod 
genus Garbonia and some fishes [Elonichthys, Megalichthys Ilibherti, Cmlacanthus 
leptiirus, Dlplodus gibbosus, Gtenodus cristatns). 

1 Wheelton Hind, Q. J. O. S. xlix. (1893), p. 259 ; op. cit. Iv. (1899), p. 365 ; 
Palceontog. Soc. xlix. (1895). 

My friend Dr. Traquair has been kind enough to furnish me with information on this 
subject, which he has so carefully studied. . 

^ W. Gibson, Q. J. G. S. Ivii. (1901), p. 251. E, Kidstoii, op. supra cit. p. 229. 
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In North. Staffordshire there appears to lie. no break in I lie . 

of the Coal-measures. But in the adjoinin'^ county of Sbrop^jir.', a! ;i ^li t iij * r t 
more than 25 or 30 miles to the south-west, a stron^^ uneoiif^u nialehiy 
as the “ Symon Fault ”) has boon detected between llie Middb* I pp« i i -4.' u ^ 

The older strata have been thrown into folds, over the top of w bn ls ilo r i 

has been laid down.^ Other unconforniabilities liave been fdaino d in ^ iv i s- * 

both in England and Scotland. .Discussion has arisen in reeriif yr.ii . « » f * tl * ^ * t 

these breaks and as to the relation of the Carboniferous to fh»* I'rinii^ui Mo D i j . 
been proved that certain red imdcs, whicli for many years had Dei n rrg.udi d r- I - i n- -o. 
are really continuous witli undoubted Coal-ni<*asures and runlaiii an isiepio 
Carboniferous flora and fauna. It has likewise beim <Ieinonstini1« d ihal thr »■''.> ’.i ' * 
these strata is original, and conseijucntly that the peeuliar -il 

which produced the red sediments of Porniian time had li-ii'Oly in !?,» 

Carboniferous period.*-^ The Carboniferous flora pi’rsi.steil loi a fiiii*’ n3}>l* t U* ’« 
altered conditions, but its remains become, fe.wer as we, aseeml into thr lu-d * | « l 

the red series, while the fauna grows inenuisingly impovei idn'd. Tin- ' 

breccias wliioh form so conspicuous a part of Ihest* red rio’hi in w>me oi fl*' 

Midlands, and have long been claimed as cdiaracteristieaily ap|*» ;si Im iiu 

integral part of the red series wdiicdi graduates downwartl int«» tie” y rn* n 
If these breccias are retained as ])arts of the Pe.rndau system, if beri.mri r|raf ju 
this region no definite boundary-line can be. drawn betweiui ( '^irheiiih iMii i iiiel ivr?i 
deposits. Such gradations are of course perfeidly miturab for tie’re m* 
break in the continuity of the two jxTiods. It may be. an opi*u *|tie*Uiim, bii at l« f li* 
present, whether or not any part of tlic red series of the Mid la fid m helott fb*^ lb* 

Trias should bo separahxl from the Coal-measures ami he reg.ir»l«»»l «'< l‘rriiijitJi 

The breccias just referred to have muc.h interest in the. hist*fi y ‘d ||r*doK»’ 'd 
gation, inasmuch as tliey wore claimed by Uainsay in 1»sf»5 an piouPi <«f |,,ti 4 *'ia| .i' f 
in Permian time.*' lie pointed out their nfsemblaiiee to «iei s ^ <n, 

showing that the shapes of tlui stones rec’all those of ice«wori» bisiildefsi ijiid p-* f j,,, ^ 
and that in many cases they are (Ustinc.tly striated. He Indie vrd ibaf be 
the origin of the contents of the breccias to tlie Hilurian bigb of IV de:., 

and he came to the conclusion that they had been transported l»v lloaling .. r|4 .1 

with glaciers, which existed among the bills of that region in the Pmimui | 
Subsequent investigation has made it more probable that the iwifoii;ib of l»#rt , 
were not far transported, but may have been derived from a riflgi* of old Pfili-a/Mir iii.d 
pre-Cambrian rocks, the summits of which have been welPexpofitttl by lb#* of 

the Triassic strata in Charriwood Forest and elsewhere. Tliie^o 1,rri, 

compared to the suhaerial detritus accumulated hy streanift, in ilo* giavel f«ii» 
the foot of the hill-ranges in the drier parts of Western and Oiitnd lliif ili.* 

character of the striation on the stones is strongly suggestive of Ire ar I ion, iw D ri«ii«ifird 

^ T. C. Cantrill, Q. J. G. N. li. (1895), p. 542. W. J. Clarke, lyo ^ lui. i. |, wi 
T. C. Cantrill, op. cit. li. (1895), p. 528. W. (fibnon, ryo ‘-oC hji, ilfwil i, p, 

It will be remembered that the peculiar red sedimeuts of the D|«l Ib-d Sniobaonr 
like manner, made their appearance while an Upper Hilurian fauna ^4111 
“On the occurrence of angidar, mib-angnlur, polished and stiiiUrd 
boulders m the Permian Breccia of Hhropshire, WorccKtersbire, hr.., and He* 
existence of Glaciers and Icebergs in the Permian Epoith,” qmtrL 
pp. 185-205. See also Mr. W. Wickliam King, Midland x%i, i* 

C. X ^ .s: Iv. (1899), p. 97. .R. I). Oldham, op. eJL I. (1891 ), p. Wbde f !a- br^ . ! l.I iii 

question are intercalated among strata continuouH with undoubted Cfrial » 4 r;i 4 i}t. . 
of any glaciated surface of older rock has been fmuul aHHneiatod with ai.i tb.v 

become coarser towards the south-east and east, that H away from ib*. . 

attributed to them by Ramsay. Potflm, p. 1070. 
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even by those who do not wholly accept Kamsay’s explanation. Since his day observa- 
tions have multiplied in India, Australia, and South Africa, which considerably 
strengthen his inferences, and make it probable that in late Carboniferous or Permo- 
Carboniferous times a rigorous climate did really extend for a time over a large part 
of the southern hemisphere. The evidence from these countries will be stated in later 
parts of this section of the present volume (pp. 1057-1060). 


On the Continent of Europe the Carboniferous system occupies many detached areas 
or basins — the result partly of original deposition, partly of denudation, and partly of 
the spread and overlap of more recent formation.s. There can be little doubt that the 
English Carboniferous Limestone once extended continuously eastward across the north 
of France, along the base of the Ardennes, through Belgium, and across the present 
valley of the Khine into Westphalia. From the western headlands of Ireland this 
calcareous formation can thus be traced eastward for a distance of 750 English miles 
into the heart of Europe. It then begins to pass into a series of shales and sandstones, 
which, as already remarked, represent proximity to shore, like the similar strata in the 
north of England and Scotland. In Silesia, and still much farther eastwards, in 
central and southern Russia, representatives of the Carboniferous Limestone or Culm 
appear, hut interstratihed, as in Scotland, with coal-bearing strata. Traces of the 
same blending of mariiie and terrestrial conditions are found also in the north of Spain. 
But over central France, and eastwards through Bohemia and Moravia into the region 
of the Carpathiams, the Coal-measures rest directly upon older Palceozoic groups, most 
commonly upon gneiss and other crystalline rocks. These tracts had no doubt remained 
above water during the time of the Carboniferous Limestone, but were gradually 
depressed during that of the Coal-measures. 

The Carboniferous system of the European continent has been grouped by some 
geologists in three major divisions : 1st, the Lower (Culm, Dinantiari), comprising all 
the Lower Carboniferous rocks up to the Millstone Grit ; 2nd, the Middle (Westphalian 
where of the lagoon type ; Moscovian where, as in Russia, of the marine type), embracing 
the Millstone Grit and Coal-measures up to the top of the Middle series of England ; 
3rd, the Upper (Stephanian, from St. Etienne, where the lagoon type is well developed ; 
Gshelian or Uraliun, where marine), including the highest part of the English Coal- 
measures (Radstock group). 

France and Belgium. — In Belgium and the north of France the British type of 
the Carboniferous system is well developed.^ It comprises the following subdivisions : — ► 



'Zone of the gas-coals {Chetrhons d gaz^ rich bituminous coals, with 28 to 
40 per cent of volatile matter), containing 47 seams of coal. Pecopkris 
nervosa, P. dentata, jp. aWyreviata, A lethopterk Seoivi, JSfeuropteris 
rarmervis, Sphenopteris ohtusiloba, S. neuropieroides, K irregidaris, S. 
niacilenta, S. cm'alloides, S. lierhacea, S. furcata, Calavrlies BuckowU, 
Annularia radiata, Sphenophyllum erosum, ^igiUaria tessellata, S. 
maviillaris, S. riviosa, laticosta. Dory cord aites. 

Zone of the “ Charbons gras” (18 to 28 per cent volatile matter), soft 
caking coal (21 seams), well suited for making coke. Sphenopteris 
nummularia, S. nmdUnta, S. choerophylloidcs, S. artemisi folia, S. 
herbacea, aS'. irregularis, JSfeuropteris gigantea, Alethopteris Serlii, A. 
valida. Catamites Suckowii, Sphenophyllum, ernarginatnm, Sigillaria 
polyploca, S. rimosa, S. laticosta, Trigonocarpiis NuggeratMi. 


^ On the Carboniferous rocks of this area see De Koniuck, ‘ Descriptions des Animaux 
Fossiles dll Terrain Carbonifere de la Belgique’ (1842-67). Gosselet’s ‘Esqiiisse,’ already 
cited, and his ‘L’Ardenne’ (1888), chaps, xxii. and xxiii. Mourlon’s ‘Geologic.’ Boiilay, 
‘Terrain Hoiiiller dii Nord de la France et ses Vegetaiix fo.ssiles,’ Lille (1876). Dupont, 
Bull. Soc. Roy. Belg. (1883). R. Zeiller, B. S. G. F. xxii (1895), ]). 483. M. Bertrand, Ann. 
Mines, January 1893. 
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which,, alike by palaeontological and petrographical characters, it is closely linked. 
The Carboniferous rocks of the north of France and of Belgium have undergone 
considerable disturbance. A remarkable fault (“la grande faille ” of this region) result- 
ing from the rupture of an isoclinal syncline, and the conse(j[uent sliding of the inverted 
side over higher beds, runs from near Liege westwards into the Boulonnais, with a 
general but variable hade towards the south. On the southern side lie lower Devonian 
and Upper Silurian strata, below which the Carboniferous Limestone, and even Coal- 
measures are made to plunge. Bores and pits near Liege at the one end, and in the 
Boulonnais^ at the other, have reached workable coal, after piercing the inverted 
Devonian rocks. By continuing the boring the same coals are found at lower levels 
in their normal positions. Besides this dominant dislocation many minor faults and 
plications have taken place in the Carboniferous area, some of the coal-seams being 
folded in zig-zag, so that at Mons a bed may be perforated six times in succession by the 
same vertical shaft, in a depth of 350 yards. At Charleroi a series of strata, which 
in their original horizontal position occujued a breadth of 8i miles, have been com- 
pressed into rather less than half that space by being plicated into twenty-two zig-zag 
folds. 

Southwards the plateau of crystalline rocks in central and southern France is dotted 
with more than 300 small Carboniferous basins Avhich contain only portions of the 
Coal-measures. The mo.st important of these basins are those of the Roannais and 
Beaujolais, St. Etienne, Autun, Commentry, Card, and Brive. It would appear, 
however, that some of the surrounding slates are altered representatives of the lower 
parts of the Carboniferous system, for Carboniferous Limestone fossils have been found 
in them between Roanne and Lyons, and near Yichy.- Even as far south as 
Montpellier, beds of limestone full of PwdtwUis gigantcus and other characteristic 
fossils are covered by a series of workable coals. Grand’ Eury, from a consideration of 
the fossils, regards the coal-basin.s of the Roannais and lower part of the basin of the 
Loire, as belonging to the age of the “culm and upper greywacke,” or of strata 
immediately underlying the true Coal-measures. But the numerous isolated coal-basius 
of the centre and south of France he refers to a much later age. He looks on these as 
containing the most complete development of the upper coal, properly so-called, 
enclosing a remarkably rich flora, which serves to fill up the palaeontological gap 
between the Carboniferous and Permian periods.^ Some of these small isolated coal- 
basins are remarkable for the extraordinary thickness of their coal-seams. In the most 
important of their number, that of the Loire (St. Etienne), 31 workable beds of coal 
occur, with a united thickness of 164 feet, in a total depth of 11,500 feet of strata. In 
the basin near Chalons and Autun, the main coal averages 40, but occasionally swells 
out to 130 feet, and the Coal-measures are covered, apparently conformably, by Permian 
rocks, from which a remarkable series of saurian remains has been obtained. In some 
of those small basins, like that of Brive, the Carboniferous strata consist in large part of 
breccias and coarse conglomeratic sandstones, which rest unconfonnably upon, and have 
been formed out of, the contorted gneisses and schists of the central plateau.-^ In other 
basins they have undergone intense compression and dislocation. A notable example 
of this complicated structure is furhislied by the coal-field of the Card on the east side 

^ For the Boulonnais, see Godwin- Austen, Q. J. Q. *8. ix. p. 231 ; xii. p. 38* Barrois, 
Rroc. Geol. Assoc, vi. No. 1. Report of meeting at Boulogne, B. K G. F., sc'r. 3, viii. p. 488. 
Rigaux, AUm. Boc. Sci. Boulogne., vol. xiv. (1892) ; ‘Notice Geol. sur le Bas BoulonJiais,’ 
Boulogne-siir-mer, 1892. 

2 Murchison, Q. J. G. N. vii. (1851), p. 13. Julien, Co7)iptes Rendus, Ixxviii. p. 74. 

Grand’ Eury, ‘ Flore Carbonif6re ’ ; Ccftmjgt. rend. Gongrls Geol. hiternat. Paris, 1900, 
p. 521. Bertrand, B%dl. Soc. G^ol. France, xvi. (1888), p. 517. Fayol, p. 968 et stq. 
Memoirs cited ante, p. 1051. Le Verrier, Bull. Carte Gkd. France, No. 15, p. 34. 

G. Mouret, ‘Bassin Houiller et Permien de Brive,’ 1891. 
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of the ridge of crystalline rocks that form the Cevemies. The strata have there been 
not only ruptured but overturned, and traversed by thrust-planes on which portions of 
them have been pushed bodily forward.^ In the north-west of France, representatives 
of the Carboniferous Limestone and the coal-bearing series above it are found. The 
Carboniferous Limestone is also well developed westward in the Cantabrian mountains 
in the north of Spain, where it likewise is surmounted by coal-bearing strata.- 

- North Germany.^ — The Coal-measures extend in detached basins north-eastwards 
■from Central France into Germany. One of the most important of these, the basin of 
Pfalz-Saarbrlicken, lying unconformably on Devonian rocks, contains a mass of Coal- 
measures believed to reach a maximum thickness of not less than 20,000 feet, and 
divided into two groups : — 

2. Upper or Ottweiler beds, from 6500 to 10,000 feet thick, consisting of red sand- 
stones at the top, and of sandstones and shales, containing 20 feet of coal in 
various seams. Pecopteris arhorescens, Odontopteris ohtusa. Carhonicola^ 
Bstheria, Leaia ; fish-remains. 

1. Lower or main coal-bearing (Saarbriicken) beds, 5450 to 9000 feet thick, with 
82 workable and 142 unworkable coal-seams, or in all between 350 and 400 
feet of coal. Abundant plants of the middle and lower zone of the Upper Coal 
flora. The base of the Carboniferous system does not here reach the surface. 

The Franco- Belgian Coal-field is prolonged across the Rhine into Westphalia. The 
Carboniferous Limestone here dwindles down as a calcareous formation, and assumes the 
'‘Culm” phase, passing up into the “flotzleerer Saudsteiu” or Millstone Grit — a group 
of sandstones, shales, and pebbly beds some 3000 feet thick, but without coal-seams. 
These barren measures are succeeded by the true Coal-measures, about 10,000 feet thick, 
with 90 workable seams of coal, having a united thickness of more than 250 feet. 

Southern Germany, Bohemia. — Carboniferous rocks occur in many scattered areas 
across Germany southwards to the Alps and eastwards into Silesia, including repre- 
sentatives both of the lower or Culm phase and of the Coal-measures. The Culm 
rocks reappear in the Hartz, where they are traversed by metalliferous veins and enclose 
small patches of Coal-measures.^ The same structure extends into Thuringia, the 
Fichtelgebirge, Saxony, and Bohemia, the series of shales, sandstones, greywackes, 
and conglomerates of the Culm yielding Carboniferous Limestone fossils, as well as 
Megaphyton, Asterocalamites, Lepidodeiidron^ &c., and containing sometimes, as in 
Saxony, workable coals. The abundant fauna of the Carboniferous Limestone is 
reduced to a few mollusks {Prodiictus antiquus^ P. latissimiis, P. semireticulahiSy 
Posidonomya Recheri, Goniatites {Glyphioceras) sphferims, Orthoceras strictMum, 
&c.). The Posidonomya particularly characterises certain dark shales known as 
“Posidonia schists.’" Of the plants, typical species are Asterocalamites scrohionlatus 
\Calamit6s transitionis]^ Lepidodendron veltheimianum, Stigmaria Jicoides, Sphenopteris 
distans, Cydopteris tenuifolia. This flora bears a strong resemblance to that of the 
Calciferous Sandstones of Scotland. True Coal-measures, however, also occur in these 
regions, though to a .smaller extent than the lower parts of the system. One of the 
most extensive coal-fields is that of Silesia,® where the seams of coal are both numerous 
and valuable, one of them attaining a thickness of 50 feet. It is noteworthy that in 

^ M. Bertrand, Compt. rend. cxxx. 29th January 1900. 

- Barrois, B. S. G. F, xiv. (1886), p. 660 (Finisterre) ; ‘Recherches sur les Terrains 
anciens des Asturies,’ p. 551. Zeiller {Mem. Soc. Geol. Ford, i. 1882) refers the Asturian 
plants to the Middle and Upper Coal-measures of France. 

^ Geinitz, ‘Die Steinkohlen Deutschlands," Munich, 1865. Von Dechen, ‘Erlauterungen 
zur Geol. Karte der Rheinprov.’ ii. (1884). C. E. Weiss, ‘Fossile Flora der jungsten 
Steinkohlen formation uiid des Rothliegeuden im Saar-Rheiii Gehiete," 1869-72. 

^ H. Potonie on the Culiu-Flora of the Harz, Ahhandl. Preuss. Geol. Landesa 7 ist., Neue 
Folge 36 (1901). 

® D. Stur, Abhandl. h. h. Geol. Reichsanst. (1877). 
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tlie Coal-measures of eastern and southern Germany horizons of marine fossils occur 
like those so marked in the corresponding strata of Britain. 

The coal-field of Pilsen in Bohemia occupies about 300 square miles. It consists 
mainly of sandstone, passing sometimes into conglomerate, and interstratified with 
shales and a few seams of coal which do not exceed a total thickness of 20 feet of coal. 
In its upper part is an important seam of shaly gas-coal (Plattel, or Brettelkohle), 
which, besides being valuable for economic purposes, has a high palieontological interest 
from Dr. Fritsch’s discovery in it of a rich fauiia of amphibians and fishes. The 
plants above and below this seam are ordinary typical Coal-measure forms, ^ but 
the animal remains present such close affinities to Permian types that the strata 
containing them may belong to the Permian system (pp. 1068, 1074). What are 
believed to be true Permian rocks in the Pilsen district seem to overlie the coals 
unconformably. 

Alps, Italy. — The Carboniferous strata of the Alps have been already (p. 801) referred 
to in connection with the metamorphism of that region. They consist of conglomerates, 
sandstones, and dark carbonaceous shales, which in some places lie unconformably on 
the crystalline schists, wuth which elsewhere, owing to compression, they appear to be 
conformable or parallel. To the south-west of Mount Blanc the shales contain Coal- 
measure plants, PecopUr is polymo7y ha heing the commonest form.^ In other parts of the 
chain, the Carboniferous lenticles occur imbedded in or associated with a great series of 
reddish sandstones, conglomerates, and red or greenish shales or slates, -which occasionally 
become quite crystalline, and cannot indeed be satisfactorily separated from what have 
been regarded as the primitive schists of the mountains. To these strata the name of 
‘‘Verrucaiio” has been given. That they are partly, at least, of Carboniferous age is 
shown by the characteristic flora, amounting to upwards of 60 species, which the dark 
carbonaceous bands have yielded.*^ The plants have had their substance converted into 
a silvery sericitic mica. In Carinthia, through the labours of Stur, Stache, and others, 
Carboniferous formations have long been known to form part of the central and 
southern bands of the Alpine chain. They are especially developed in the Gail Thai, 
where they have yielded numerous marine fossils like those of the Carboniferous 
Limestone of Western Europe. They extend eastwards into Styria, and thence through 
the hilly ground of Illyria, Croatia, and Dalmatia. Shales, sandstones, conglomerates, 
and bands of AWn^wa-limestone (with Productus scmireticulahts, &:c.), occur folded 
with the Trias on the western confines of Styria. 

Russia. — Over a vast region of the East of Europe Carboniferous limestones, 
sandstones, shales, and thin coal-seams are spread out almost horizontally. They 
unite the marine and terrestrial types of sedimentation so characteristic of the 
north of Britain. In the central provinces of Russia, the Moscow basin or coal-field of 
Tula, said to occupy an area of 13,000 square miles, lies conformably on the Old Red 

^ From the coal-field of Central Bohemia C. Feistinantel enumerated 278 species of 
plants, of which 137 were ferns {i^^phe^wpte'ris, Emropteris^ Odooitopteris, Cyatheites, 
Aleihopt&ris, Megapjhyton^ &c.). ArcMv. Nalurw. Lmidesdurchfin'sch. Bulwmi, v. No. 3, 
1883. For the amphibian remains, see Fritsch’s ‘Fauna der Gaskolile.’ 

- E. Ritter, Bull. Carte USol. France, No. 60 (1897), chap. vi. Duparc et Mrjizec, Mem. 
Soc. Phys. et Hist. Nat. Geneva, xxxiii. (1898), p. 172. 

^ For an essay on these rocks, see L. Milch’s ‘Beitriige zur Kenntiiiss des Verrucano,’ 
Leipzig, 1892. The rnetarnorphism of Carboniferous and Permian rocks in the Alj)S of 
Savoy is described by P. Termier, Bull. Carte Gk>l. France, ii. (1891), p. 367. See also A. 
Favre, ‘Geol. Savoie,’ vol. iii. (1867), p. 192; A. Rothpletz, Abhandl. Schweiz. Palmont. 
Gesellsch. vi. (1879). 

^ A. Tommasi, Boll. Soc. Geol. Ital. viii. p. 564. C. F. Parona and L. Bozzi, op. cit. ix. 
pp. 56, 71. J. Teller, Erliiut. Qeol. Kart. (Pagerhof-Wiud-Feistritz), Vienna, 1899, p. 41 ; 
Id. Prassberg. d. Sann. p. 34. 
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Sandstone or Devonian system, and containH linifstum-H lull <d raibMiii'?* I ^ 
fossils, and a few poor seams of eoal. In the nouth «»f llu* fuitpif**, " 

Donotz, covering an area of 1 1,()0() s<juare miles, eontiiiim fW m-hwh h! « - ^ ' v. , ’ ll 

having a united thickiiesH of IM feet, are workaldi*. AKaiii, osi llu' ‘ ? ^ ' ' 

Mountains, the Carboniferous IJmestone series has Is’eti iiplurued a?} i ui'iu . .is* 
workable coal-seams. It would appear, therefore, that ihis p.iiii-yhar n;^ • i ?. i <• ’ * 
marine and terrestrial strata of Oarhoniferous age cieeiipies a va^i i = 

formations in the east of Kurope. Sinee so much of tiu^ iCu '^duif dn * i i u,» ; i . f’ *. .• 

Carboniferous system consists of limestone, it is iiiteresiing to hiid IImI : 5* i?, * 

of the familiar fossil species of the (JarhoniferouH LimeKloni- of Wr^l* i t* I. I ' • ^ 

in the Ural region, according to UrofessorThehernyehevv, the < jyhenih i ' fii *% • < 
divided into live zones, of which tln^ lowest, a liine.^^time eoiitairiing ^ r. ’ 

F. strlatus, &o., inny is* puralhded with tie* Tab f*’ I ^ i 

and Vise in Belgium, and with the British (‘arlumiferimK m np Im fl)*- i .p *,! 
Yoredale group. The second, limestone with .S'/d/Z/r/’ ir,;«v | r ^ 

corresxtonding to the non-pro(liu;tiv<*. strata of the we.r^t, with the i 

Gannister group. The three upper zones, viz. thone i»f o, ^ ^ : i.; ^ 

Fjririfer striaius, kc,^ (h) Rrodiidutt conf, ami (e) Sjurihr i ... 

'iLralicutiL, are probably e([iiivalent to the Mid«Ih? an«l Upper t ’o/d tin' * -iUir jA fii,r « f 
the most abundant and persistent organisms of the upper in Ih*' 

Fimdina. The ux)]>or Oarhoniferoim rocks on the west side of the Ufi&l’i 

into the base of the Permian system, and shown eommingling of f .*r h-iiih-t - as .i?e| 

Permian fossils. 

Even as far north as Spitzhergen a ehanieteri-Htie (.‘arhoijiferoii*^ lf» |4 • *« 

obtained, comprising ‘2t> sifecies of jdants, half of which are new, bur .tiieuig v< > 

recognise such common forms as Le/iidt /ulroii. Sfvndttu’ifii and ^ 

Africa. — The sea in which the brachi»)podH, eomis, and eiiiiojik ««f tlie f -lUie.nd* i oe ? 
Limestone lived extended acros.s the Me«literraneiiii basin into Afrsr ** >» *-? 

Froductus, Athyris, Splrt/h^ StirplorhyuvluiH^ (hihin^ (’yttihityhijUum^ hr,, !«* » 

obtained in the western Sahara bedweem M<»roc(!o ami 1‘ini!uiet«ir*. ’ fbifthrf m 

Fezzan, between Ghat and Murzuk, what were belie Viul tt» be Uarlionifri oiit Lsm* 
fossils were obtained by Overweg as long ago as LHf,n. More recently i oiiir|..|.-4 r 4 
Carboniferous rocks have been deteerted at various jsiints of the intern*?. Th*? 
discovery has been made in the inland region south-west of Tidikidl i 

group of white limestones, grey and red marls uinl yellow Itiiimehelh^w Lavin fnrniafir d 
a number of corals {Lophophiiiliim^ Ziiphi’entb^ MkhUnin jHtmn ^ 
crinus, Mhudocri'mis), Fencdella mnmhrunavm.^ A thy tin 

Froductus semireticulakis, Apbi/ert liruroUmuiriti Y rtnini, * ^rtkn^'rftnn. %%% i!i«tiuiiis|iig*- 
that maybe comjiared with that of the upper part of the C*ariHinjferoii*i Liiiir^fwiii #tf 
Belgium and England.*^ The red sandstoniis which cxtmid into the pefiiii^iibi *4 Kiiiiit 
and thence into Palestine, have yiehled HU'.nm of Lrpbtmltmittm ami Hfid 

an intercalated limestone contains Orlkin Mkhtiini aiid krihothrltA 
crenistriaA A number of characteristic bra(;hiopod« of the Carl»onifi 5 roti*i imt^ 

also been obtained from the hills in the Egyptian dt?si*rt to ihi‘ ivcfil «»f llit» Gulf «4 
Suez, such as FJiyuchonella [Ilypothyrk) ide.urmim, mmirttkt»h$in. 9 , Aprn/^r 

striat-usA In Southern Africa the exisGmee of Carltoiiiferous rocks has long l♦«ui ktiwwii, 

^ Ann. hoc. Giol Noril, xvii. (1890), p. 201. Nikitin, JAv#i. iUmt, (Utd, Hmm, w llniflii. 
No. 5. 

Heer, Flora FossUis Arctica, iv. {1877), p. 1. 

G. Staehe, iJenksch. Acad. Wim. Wkn. xlvi. 

^ G. Flamand, Qimpt. rend, cxxxiv. (1902), p. 

K Tate, Q. J. G. A. xxvii. (1871), p. 404. 

J. Walther, Z.lJ.G. G. (1890), p. 419. E. Schellwkit, Z*Jh iJ, (F *lv|, |*. i|h 


SECT, iv § 2 


GARBONIFEROUB SYSTEM 


1057 


Above certain slates and sandstones (Bokkeveldt) containing fossils witli Devonian 
affinities come the quarteites of Cape Colony, enclosing Lepulode 7 idT 07 i and other Carboni- 
ferous plants. These are unconforniably overlain by the ‘‘Dwyka Conglomerate and 
the Ecca shales, mudstones and sandstones, some 4000 feet thick. The Ecca group has 
yielded a number of plants which are also found in the Karharbari and Damiida groups 
of India. It may be of Upper Carboniferous or Permian age. It is further alluded to 
on p. 1079.^ 

The Dwyka Conglomerate has given rise to much discussion. Some observers have 
regarded it as of volcanic origin, others have explained it to be a vast littoral accumula- 
tion, while the majority have adopted the view that it is a glacial accumulation, 
comparable with the Boulder-clay of Northern Europe and America. It is composed 
of stones varying from the smallest pebbles up to blocks weighing a ton or more, 
dispersed without definite arrangement in a dark grey or blue cement, which decomposes 
into a compact yellowish clay. Sheets of this material, 60 feet thick, alternate with 
horizontal stratified deposits, in which pebbles are sometimes abundant. The blocks 
in this conglomerate are covered with fine parallel striie, like those of glacial origin. 
The older rocks on which the conglomerate rests unconformably have rounded, 
smoothed, striated and grooved surfaces precisely in the manner of o'oches moiitonnies in a 
glacier valley, the markings mounting over the prominences in one general direction from 
south-east to north-west. The original source of some of the blocks has not been found 
in South Africa. It is believed that this remarkable accumulation has once covered 
the surface of the Transvaal, at least as far north as lat. 26® 40' S. It extends south- 
wards into Cape Colony, where it attains a thickness of more than 1200 feet.- Further 
allusion will be made to this subject after the similar deposits of Australia and India 
have been described. The age of the Dwyka conglomerate has not been definitely 
ascertained ; it may be provisionally classed with the “Permo-Carboniferous” deposits 
of these countries. 

Asia. — The Carboniferous system is extensively developed in Asia.^ In China, where 
it covers an area of many thousand S(pmre miles, forming a succession of vast tablelands, 
it has been found by Richthofen to be composed of three stages : 1st, a massive brown 
bituminous limestone, whicli from its foraminifera {Fusulina, Fusulinella, Lingulina, 
Eiidothyra, Valvidina, CliTYhacaoiwiina) is obviously the equivalent of the Carboniferous 
Limestone of Europe ; 2nd, productive Coal-measures with both bituminous and 
anthracitic coals, and containing a characteristic Coal-measure flora, among which are 
numerous ferns of the genera Sphciioptcris, Falfeopt&ris, Ncnropteris, CallipUridium, 
Cyathcites, kc., also species of Calamites, Sidieiiophyllitm, Lepidodendron (including A. 
Stembergii), StigmmHcb {S. ficoldes), Oordaites, and others ; 3rd, Ui‘)per Carboniferous — 
sandstones, conglomerates, and thin limestone.s, containing marine fossils, among whicli 
lU’e the cosmopolitan brachiopods mentioned on p. 1022.*^ 

In India strata which may represent in part the Carboniferous system of Europe 
are developed in the western half of the Salt Range, where they consist of (1) a lower 


^ G. A. P. Molengraaf, U. S. U, F. ser. i. (1901), p. 13. 

The observations of Sutherland, Dunn, Green, and other previous writers are cited hy 
G. A. P. Molengraaf, Tmus, Geol. Soc. South Africa, iv. (1898), p. 103 and A. S. U. E. i. (1901), 
p. 67. A paper liy Messrs. Rogers and Schwarz advocates a glacial origin for the Prieska 
conglomerate of Orange River Colony, which is probably the same as the Dwyka rock, Tmns. 
Piiil. Soc. South Africa xi. (1900), p. 113. Since this passage was written information has 
been received of tbe discovery of a similar conglomerate, also believed to be of glacial origin, 
intercalated in the Table Mountain Sandstone. It difters in some respects from the Dwyka 
band and seems to lie on a different horizon. A. W. Rogers, Travis. South African Fhil. 
Soc. xi. June 1902. 

^ See G. Pliegel, L. G. Q. 1. (1898), p. 385. 

Richthofen, ‘China,’ vols. ii. and iv. 
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group of speckled sandstones resting unconformably on the older Palaeozoic rocks, and 
containing at its base a remarkable boulder-bed with, striated stones of the type of those in 
South Africa and Australia, and (2) a group of sandstones and highly fossiliferous 
limestones and marls (Productus beds), which have long been known for their remarkable 
admixture of Ammonites among organisms of characteristically Paloeozoic type, such as 
Athyris Jloissyi, SpiHfer striatus, Eroductus cor a and P. scmireticulat%s. The higher 
member of this group, a sandy dolomite not mere than 100 feet thick, contains a rich fauna 
having a Permian facies, but together with the Palfeozoic forms are the ammonites Cyclo- 
lohus Oldhami, Arccstes antiqiius, A. priscus, Xenodiscus carhonarius, X. plicatus, and 
Sageccras licmerianum. In the Central Himalayas crinoidal limestones have been 
found in the Milam Pass containing some familiar Carboniferous Limestone species, and 
similar fossils have been met with in Cashmere. The great Gondwaiia system of the 
Indian peninsula, composed of a mass of strata probably in the main of fluviatile origin, 
appears to represent the upper Palaeozoic and older and middle Mesozoic formations of 
other countries. It is divided into two sections, whereof the low^er comprises three 
formations, which in ascending order are the Talchir, Darnuda, and Panchet. Of these 
tlie Talchir may he paralleled with the Upper Carboniferous rocks of Europe and the 
Dwyka and Ecca groups of South Africa. The most remarkable feature in the Talchir 
group is the occurrence of Mocks of all sizes up to masses 15 feet in diameter and 80 
tons in weight, which have been dropped among the sandstones and the finest shales. 
In one instance the large boulders have been observed to show smoothed and striated 
surfaces, and the surface of the underlying limestone is found to he also polished, 
scratched and grooved. These features are believed by the geologists who have studied 
them to he only explicable by ice-action. 1^'or. is this the only example of them in 
India. Keference has just been made to the boulder-bed of the Salt Range. Other 
instances have been noticed in the Spiti valley, Central Himalayas, in Simla, and in 
Cashmere.^ 

Australasia. — In Australia, important tracts of true Carboniferous rocks, with 
coal-seams, range down the eastern colonies, and are well developed in Queensland, 
where the government geologists have grouped a thick series of four or five formations 
under the name of Permo-Carboniferous. The oldest of these is termed (1) the Gympie 
series, which attains in its typical locality a thickness of 2000 feet, but sometimes reaches 
more than ten times that amount. It consists of various sandy argillaceous and 
calcareous rocks with some volcanic intercalations, and has yielded besides some plants 
{Cordaites australis, Lepidodendron australe), numerous marine fossils, among which 
are Fenestella fossula, Protoretepora ampla, Spirifer mspeodilio, Leptsena rhomhoidalis, 
and Prod'iLctus cora. (2) The Star formation (1353 feet) consists of sandstones, 
conglomerates, shales, and thin limestones, in which, besides a mingling of plant remains 
{Lepidode'iidron veWheimiauum, L. australe, Calamites varians) a marine fauna is found, 
including some characteristic Carboniferous Limestone genera and species, as Actino- 
crinus, Phillipsia, Fenestella, Phynclionella {Hypothyris) pleurodon, Reticularia Urci, 
Retzia radialis, Orthis resupinata, Leptaena rhomhoidalis, Orthoceras. The Brown River 
coal-field includes three formations, of which the lowest is (3) the Lower Bowen forma- 
tion, which is made up chiefly of coarse volcanic agglomerate and amygdaloidal lava, with 
conglomerates and sandstones nearly 1000 feet in thickness. (4) The middle Bowen 
formation, composed of alternations of sandstones and shales, with two seams of coal and 
some conglomerates in the lower part, has furnished a large series of fossils, which include 

^ The glacial origin of the phenomena in question has been ably advocated by Dr. W. 
T. Blanford, ‘ Manual of Geology of India,' 1st edit, and in his Address to Geological Section 
of British Association, Montreal ; and by H. F. Blanford, Q. J. G. S. xxxi. (1875), p. 519 ; 
W. Waagen, Jalvrh. Geol Reiclisanst. xxxvii. (1887), p. 143 ; F. Noetling, Neues. JaAAb, 
1896, ii. p. 61 (where a bibliography of the subject is given), and R. D. Oldham in ^Manual 
of Geology of India,’ 2nd edit. 1893, chaps, vi. and vii. 
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Sphe7iopteris, Glossopteris, and many marine animals {Stenopora, Fen&stella fossula, 
Terebratula cymhseformis, Dielamna saccuhLS, Spirifeo' convolutus, S. trigo7icdis^ 
ProducHs cora, &c.). (5) The Upper Bowen formation, made up of lOOO feet or more 

of grey shales and greenish-grey, sometimes pebbly sandstones, with trees and a number 
of coal-seams, and containing Phyllotheca austrdlis, Sphciwyteris lohifolia, S. fiexuosa, 
S, crebm, Glossopteris Iroicniana^ G, linearis^ Be^'hyia senilis, Productns irachythserus, 
and GoniatitesP 

In the Kimberley district of West Australia limestones 1000 to 1300 feet thick, 
with red marl, gypsum, and rocksalt, and covered by about 1500 feet of lacustrine or 
fluviatile sandstones, have yielded some familiar Carboniferous Limestone species 
{Prodicctics giganteics, P. seniireticidatus, Rhynchonella {Eypothyi'is) pleurodon and 
others). - 

In New South Wales the Carboniferous formations are divisible into : 1st, Lower 
Carboniferous (or Upper Devonian) — sandstones, conglomerates, limestones, and shales, 
much disturbed by granite in some places, traversed by valuable auriferous quartz-reefs, 
and yielding plant-remains {Lepidodendron austrah), Spii'ifer disjunctus and RhyncJwn- 
ella (Jlypothyris) pleurodon 2nd, Ui^per or Permo-Carboniferous, including a series of 
coal-bearing strata, both below and above which are thick masses of calcareous con- 
glomerates and sandstone abounding in marine fossils. The coal-seams are sometimes 30 
feet thick, and among the plants associated with them are five species of Glossopteris, also 
Gangamopteris (several species), Phyllothcca, Annularia, Vertebraria, Brachyphyllum, and 
Nbggerathiopsls. The genus Glossopteris was formerly believed to be entirely Mesozoic, and 
its occurrence with true Carboniferous organisms was for a time denied. There can now 
be no doubt, however, that it appears among strata in .which are found the widespread and 
characteristic Carboniferous Limestone forms Litliostrotion basaltiforme, L, irregulare, 
Fenestella plebeia, Athyris Eoyssii, Orthis MicJielini, 0. resxopinata, Productiis aculeatus, 
P. coTOL. P. longispinus, P. punctaiiis, P. semireticulatus, and many more.** Professor T. 
W. E. David, in summarising our knowledge of the coal-bearing rocks of New South 
Wales, gives a thickness of 10,000 feet to the Upper or Permo-Carboniferous series. 
The productive Coal-measures lie in the upper series, which is subdivided into six groups. 
In descending order these are (6) the Newcastle Coal-measures ; (5) Dempsey beds ; (4) 
Tomago (East Maitland) group ; (3) Upper Marine group ; (2) Greta Coal-measures ; 
(1) Lower marine series. The Newcastle coal-seams are notable for their tliickuess, the 
lowest of them being from eight to fifteen feet, and another, near Jainberoo, twenty-five 
feet thick. An unconformability and strong break in the flora se[)arate the upper 
division from the lower Carboniferous (or Upper Devonian)."* 

One of the most interesting features of the Permo-Carboniferous formations of Australia 
is to found in the occurrence among then^ of con glomerates like the South African Dwyka 
conglomerate and those of India, filled with well-striated blocks and resting upon 

^ Messrs. Jack and Etheridge, ‘Geology and Paheontology of Queensland,’ chaps, vi. 
XX ii. 

E. T. Hardman, “Report oU the Geology of the Kimberley District,” Perth, 1885. 

•* See the papers by W. B. Clarke, R. Etheridge jun., De Koninck, and Wilkinson, cited 
on p. 980. 

Prof. David, Trans. Austral. Assoc, ^oc. vol. ii. (1890), pp. 459-465 ; Proc. Linn. Soc. 
N.S. Wales, viii. (1893) ; Journ. Roy. Soc. N.S. Wales, xxx. (1896). 0. Feistinantel, ATm. 
Geol. Surv. N.S. Wales, Palseontology , No. 3, 1890, p. 37. The Carboniferous and 
Permo-Carboniferous corals of New South Wales are described 1)y E. Etheridge, juii. , 
op. cit. No. 5, 1891. E. A. N. Arber, Q. J. O. S. Iviii. (1902), p. 1. For information on 
the Australian Coal-fields, see papers by Walker, Robertson, and Cox, Trans. Fed. Inst. 
Min. Eng. ii. (1891), pp. 268, 321 ; iv. (1893), p. 83. For a detailed account of the 
Permo-Carboniferous rocks and fossils of Queensland, see R, L. Jack and E. Etheridge^ 
jun., ‘The Geology and Palaeontology of Queensland,’ 1892, chaps, vi.-xxii. 
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rounded and striated bosses of older rocks. These boulder-beds are well stratified and 
are associated with finely laminated shales, indicating deposition in water. They 
suggest that the stones were dropped into the fine silt that was gathering on the sea- 
floor. No marine fossils, however, have been found in the deposits, the only organisms 
being remains of land -plants {Gangcmioptcris). The striae on the boulders and the 
rounding, polishing and grooving of the rocks underneath so exactly resemble those 
produced by glaciers, that since the phenomena were originally observed and described 
by Selwyn, as far back as 1859, they have been generally accepted as proof of the 
action, either of land-ice or of floating-ice. They extend over a wide region, from at least 
as far south as iatitiide 42° S. in Tasmania to the Bowen River Coal-field in Queens- 
land, latitude 20° 30' S., and from about long. 137° 30' E to about 151° 30' E. In 
Victoria probably several thousand square miles are covered with these glacial con- 
glomerates, which, with their included sandstones, attain the enormous thickness of 
3500 feet or more. The ice which furrowed the rocks and transported the boulders 
appears to have moved from the south, but the source of the erratics is not definitely 
known. The glaciated materials are not confined to one platform ; at Bacchus Marsh, 
in Victoria, there are at least nine or ten distinct boulder-beds, separated from one 
another by thick deposits of sandstone and conglomerate ; and in New South Wales the 
Greta Coal-measures, more than 230 feet thick, and containing from 20 to 40 feet in 
thickness of coal, are intercalated between the erratic-bearing horizon of the Lower 
Marine group and that of the Upper Marine group. 

The evidence now accumulated from South Africa, India, Cashmere and Australia 
seems to point to some general operation on a gigantic scale in the southern hemisphere 
at the close of the Carboniferous or in the Permian period, whereby boulder-beds were 
pro4.UC&d-aiid. limestones and rocks in situ were polished, striated and grooved. The 
assemblage of these peculiar features so exactly reduplicates the familiar phenomena of 
the Glacial Period, that it is hardly possible to resiJit the conclusion which has- been 
reached by those who have studied the details on the ground, that it proves the^ 
occurrence of a former ice-age in late Palaeozoic time which rivalled in its extent, and 
seems to have surpassed in the magnitude of its deposits, the glaciation of the northern 
hemisphere. Prom the fact that the boulder beds are intercalated among marine strata 
it is clear that, to some extent at least, the ice reached sea-level. We are still in 
ignorance, however, of the position of the high grounds from which the ice-sheets 
descended.^ 

In New Zealand rocks assigned to the Permo-Carboniferous period consist of a 
large mass of sandstones and shales, or slates and occasional limestones passing down 
into true limestones at the base, from wliich Spirifer hmdcatus, S. glaherj Productus 
IrachythEerus, &c., have been obtained. They are estimated to be from 7000 to 10,000 
feet thick, and though they do not yield coal, they are geologically important from 
the large share they take in the structure of the great mountain-ranges, and from the 

1 Professor Edgeworth David, Q. J. O. S. lii. (1896), p. 289 (where an excellent account 
of the phenomena is given, also a bibliography of the writings of previous ohservers), Address 
to Section C. Australasian Assoc. Brisbane, 1895 ; Journ. Proc. Roy. Soc. N. Wales, 
xxxiii. (1900), p. 154. . Penck, Zeitsch. Qesdl. Erdkunde, Berlin, xxxv. No. 4. (1900). 

2 The early paper by A. C. Ramsay, already cited (p. 1050), was the starting-point of 
inquiry into possible Palaeozoic glacial periods, in regard to which a considerable mass of 
writing has since been published. Traces of such periods have been claimed for a succession 
of geological formations up into the pre-Cambrian series ( Torrid onian). Of those dealing 
with supposed Carboniferous glaciation reference may here be made to A. Julien, who has 
advocated the glacial origin of the coarse Carboniferous breccias of Central France, Qompt. 
rend, cxvii. (1893), p. 255 ; and to Dr. E. Kalkowsky, who has described what he believes 
to be a glacial pebbly shale from the Carboniferous rocks of the Frankenwald, Z. D. G. G. 
xlv. (1893), p. 69. 
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occasional abundant development in them of contemporaneous igneous rocks, which 
are associated with metalliferous deposits.^ 

North America. — Rocks corresponding in geological position and the general aspect 
of their organic contents with the Carboniferous system of Europe are said to cover 
an area of more than 200,000 square miles in the United States and British North 
America.*-^ The following table shows the subdivisions which have been established 
among them in the typical Appalachian region. 


o 
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Upper Coal -bearing or productive Measures (Monongahela River series, 200 
to 4:00 feet), with six coal-seams {Neuropteris hirsuta, R. jiexuosa,, 
Pecojiteris arbor escens).'^ 

Barren Measures (Elk River or Conemaugli series, 300 to 800 feet), consisting 
of an upper group of shales and a lower group of sandstones, and includ- 
ing some variable coal-seams, ironstones, limestones. Some of the lime- 
stones contain Productns longispmuSy R. seinireticulatus, and species of 
Spiriferj Athyris^ &c., while these marine organisms are sometimes, as in 
Scotland, found in the roof of a coal-seam. 

Lower Coal-hearing or productive Measures (Alleghany River series, 250 to 
300 feet), coutaining a valuable series of coals among strata of sandstone, 
shale, fire-clay, and limestone. 

Pottsville Conglomerate series, hard white sandstones, often conglomeratic, with 
abundant trunhs of Lepidodench'on and Sigillaria (150 to 300 feet, but in 
West Virginia increasing to 700 and farther on to 1800 feet). These porous 
rocks are the repository of much salt water, as well as some oil and gas. In 
West Virginia coal is conspicuous in the middle and lower half of the series. 

Mauch Chunk series of red shales and sandstones (650 feet), lying on the Green- 
brier limestone (200 to 250 feet, but in West Virginia 1000 feet or more). 

Pocono series of grey sandstones and conglomerates, extending from Pennsyl- 
vania across Maryland into We.st Virginia (400 to 450 feet). 


South-westwards tlie Carboniferous system increases in thickness, and appears to 
attain in tlie State of Arkansas its maximum development on the American Continent, 
as shown in the subjoined table. ^ 


ti fupi’ 


03 r 

Ph 

A § 

cn 

-Ill 


)er Coal-measures 

h Lower ,, 

'^Millstone Grit 

{ 

Lower Carboniferous 


/ Protean Beds 
\ Productive Beds 
Barren Beds 


( Chester, St. Louis, and Warsaw groups 
J (Boston group) .... 
I^Keokuk and Burlington grotips 


3500 

1800 

18,480 

500 

780 

880 

25,940 


^ Hector’s ‘Handbook of New Zealand,’ 1883, p. 35. F. W. Hutton, Q. J. G. S. 
1885, p. 200. Trans. Neiu Zealaoid Inst. xx.\'ii. (1899), p. 159. 

A large body of literature has grown up regarding the Carboniferous formations of 
North America. The Canadian development is discus.sed in numerous Reports of the Geo- 
logical Survey of Canada, and in Dawson’s ‘ Acadian Geology ’ ; that of the United States in 
numerous State Surveys, such as the Second Geological Survey of Pennsylvania, and in many 
papers scattered through iX\Q American Jonrnal of Science, Journal of Geology, Bulletin of 
the Geological -Hociety of America, American Geologist and other serials. The Bulletins, 
Annual Reports, and Monographs of the United States Geological Survey contain much 
valuable information on the subject. To some of these reference is made below. 

^ The fossil plants of the Carboniferous system of the United States have been well de- 
scribed and figured by L. Lesqn^reux, “Description of the Coal Flora in Pennsylvania and 
throughout the United States,” in Reports of Second Geological Survey of Pennsylvania, vols, 
i.-iii., with Atlas of Plates, Harrisburg, 1880-84. See also D. White, ‘ Fossil Flora of the 
Lower Coal-measures of Missouri’ ; Monograph xxxvii. (1899), U.S. G. S. ; IQth Ami. 
Rep. U.S. G. S. 1900, pp. 749-918, — “ The stratigraphic succession of the Fossil Floras of 
the Pottsville Formation in the Southern Anthracite Coal-field, Pennsylvania.” 

^ J. C. Branner, Amer. Jonrn. Sci. ii. (1896), p. 235. 
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The Lower Carboniferous groups are ruainly limestones, but contain here and there 
remains of the characteristic Carboniferous land vegetation. Crinoids of many forms 
abound in the limestones. A remarkable polyzoon, Archimedes, occurs in some of the 
bands. The brachiopods are chiefly represented by species of Spirifer and Produdus ; 
the lamellibranchs by Myalina, ScMzodics, ADictclopecten, Nucula, Pinna, and others ; 
the cephalopods by Orthoceras, Nautilus,’' Goniatites, Gyroceras, &c. The European 
genus of trilobite, Phillipsia, occurs. Kumerous teeth and fin-spines of selachian fishes 
give a further point of resemblance to the European Carboniferous Limestone. Some 
of the ri 2 »pled rain-pitted beds contain amphibian footjprints. Large dejDosits of gypsum 
occur in this stage in Nova Scotia. 

In the Mississippi basin, where the Lower Carboniferous groups are most fully 
developed, they present the following subdivisions in descending order : — 

Chester group. — Limestones, shales, and sandstones, sometimes 600 feet. 

St. Louis group. —Limestones with shale, in places 250 feet. 

Keokuk group. — Limestone with chert layers and nodules. 

Burlington group. — Limestone, in places with chert and hornstone, 25 to 200 feet. 

Kinderhook group>. — Sandstones, shales, and thin limestones, 100 to 200 feet, 
resting on the Devonian black shale. 

The Pottsville conglomerates and sandstones occupy a similar stratigraphical 
position to the Millstone Grit of Britain, like which they include in some districts 
seams of coal. 

The Coal-measures vary from 100 feet in the interior continental area to more than 
8000 feet in Nova Scotia. The plant remains include forms of Lcpidodendron, Siyil- 
laria, Stiginaria, Calaruites, ferns, and coniferous leaves and fruits. The animal forms 
embrace in the marine bands species of Spirifer, Produdus, Belleroplion, '^Nmdilus,” &c., 
some of which are world-wide species, found also in the Carboniferous Limestone {Pro- 
dudus seynireticulaUis, P. punctatus, P. cora, TerebraUda {Dielasma) liastata, &c.).^ 
Among the shales and carbonaceous beds numerous traces of the insect life have 
been obtained which was referred to on p. 1032. Senders, scorpions, centipedes, limuloid 
crabs, and land-snails like th-e modern Pupa have also been met with, an especially 
rich harvest of organisms having been obtained from the erect tree- trunks of Nova 
Scotia {ante, p. 1033). The fish remains comprise teeth and ichthyodorulites of selaclxian 
genera {Ctenacantlms, Edestits, Cladodus, Diplodus), and a number of ganoids {Eierylepis, 
Elonichthys, Cexlacanthus, Megalichthys, Mhizodus, &c.). Several labyrinthodonts occur, 
besides the small amphibia from the Nova-Scotian trees ; and true reptiles are repre- 
sented by one saurian genus found in Nova Scotia, the Eosaurus.^ 

In the Western territories tlie Upper Carboniferous rocks consist of a massive group 
of limestones 2000 feet thick, resting on Lower Carboniferous strata (“Weber Quartzite ” 
of King), estimated at 6000 to 10,000 feet, but with no coals. 

The highest strata of the Carboniferous system in the United States are usually 
barren of coal. The characteristic Lepidodendra and Sigillarite disappear and their 
place is taken by 2 >lants with Permian affinities (Pennsylvania, Ohio, W. Virginia), 
whilst in Illinois, Texas, and New Mexica, Permian reptiles occur in this jiart of the 
series. In these regions no definite upper limit to the system can be found, as it shades 
upwards into strata which may rejnesent the Permian series of Europe.'^ 

^ J. P. Smith, “Marine Fossils from the Coal-measxires of Arkansas,” Proc. Anier. Phil. 
Soc. XXXV. (1897). 

2 On the classification of the Carboniferous system in Eastern Canada see H. M. Ami, 
Trans. Nom Scot, Inst. Sei, x. (1900), p. 162. 

^ See Keport to the International Geological Congress, London, 1888, by J. J. Stevenson. 
Full details of the N. American Carboniferous system are given in Correlation Pajxers — 
Devonian and Carboniferous, by H. S. Williams, Bull. U.S. Oeol. Survey, No. 80 (1891). 
See also C. S. Prosser, Journ. Geol. v. (1897), p. 148 vii. (1899), p. 342. C. E. Keyes, 
Anner. Geol. xxviii. (1901), p. 299. 


■*' I.t T. I ! 


PERMIAN ,^Yl^TEM 


1063 


South America. A hux<5 .scries of marine Upper Carboniferous fossils lias been 
fnira the iliHtriot. of the lower Amazona.s below tlie mouths of the Rio Negro 

the Msub-ira. fossil i ten ms group.s are known, 1000 to 2000 feet thick, among 

%fliirh .'1 blue aiiiorpltuuH limestone is remarkable for the excellent preservation of its 
alietfii‘4 fo'iHilH. The list iiuihule.s numerous H)>eeies of Froductus, Spirifeo', Athyris, 
Kffyfifiitiliudufn, Avi^'tihtptrfni, Hrhiziuhm^ IdruTotomaria, iiwd Bellfirophon, with species 
Ilf PkAitpHiff, f /riji fin'd *'s\ Fuaul intt, ami other forms which, though specilically dis- 
tinct, reiiiiiid one of the general type of tlic marine Carboniferous fauna of Europe.^ 

Section v. Permian (Dyas). 

1 . (General Characters. 

I 1 ir ( ’arlH»ruf<*rous rockn an*, overlain, sometimes conformably, but in 
F.iin^pn ulsn utiuoitformably, by a series of red sandstones, conglomerates, 
broeriuH. marls, and linu'Htones. ''rhese used to be reckoned as the 
liigdn'Ht jnart <»f tlu^ (skiI formation. In England they received the 
naim* uf th«* “ AV^r lied SandstoiK*/’ it) contradistinction to the Old 
S imlstone lying benu^ath the Carboniferous rocks. The term 
“Uoikilitir" wuH formerly proposed for them, on account of their 
I'h.iraotorisiir rmdtled uppc‘arance. Eventually they were divided into 
two HystoiiH, the htw(;r h<dng taken as the summit of the Palaeozoic series 
of foi’uiationH, and the upper as the basement of the Mesozoic. This 
arr.ingmnriif , wineh is mainly founded on the difference between the 
iii LMiito remainH of th(t two division.s, is generally adopted by geologists.'^ 

Followdftg flic usual grouping, wc remark that the portion of the red 
Htrala *'lassod a^ !kth»*oz()i(' has nujcived the name of “Permian,” from its 
%vidi* dfvelopment in the Hussian province of Perm, where it was studied 
liv Mnrohison, Co. \T;rneuil, and Keyserling. In Germany, where it 
a widFmarked grouping into two groat scries of deposits, the 
nami* “Iivas/' proposiul hyfJeinitz, has on that account been to some 
ad«V*lod. In North Anu*.rica, where no good line of subdivision 
ran Ilf! inadi! at tim top <if t he ( •arboniferous system, the term “Permo- 
rarbonif«*roUH ” has been us(‘.d to denote the transitional beds at the 
trip of till? Pahefi/.oie series, and this name has been proposed for use also 
ill Eiiropi* and in Australia. 

In Etiropi* t wo ilistinct typi^s of the system can lie made out. In one 
nl itieHi! (IH’IIS) the rocks eoimist of two great divisions: (1) a lower 
f^rrien of red H:ui(iKt()ii<;.s and confikmKirates, and ( 2 ) an upper group of 
lini(wi<tiic!n :unl ddUiniites. In tht; other (Russian or Permian) the strata 
iUf of Hhiiilar nharaeter, hut ar(i intorstratified in such a way as to 
present no t wofrdd petrographical Huhdivision. 

ICor-Ks. Th<! prevailing inatcrials of the Permian series in Europe 

* f». A. firiliv, J*un')i. (it hi. ii. (1H94)t p. 480. 

Hi, IIP' miitrr , Imwvvpr, ntill I'oiitrnd Unit the red rock.s tif Europe between the summit 
,4 tijf* 4'mi . .-uiii I, asi' of the .In rnssic .sy.steni form rmilly one great series, the break 

!. tli.’m t.-iiur IIMTI-Iv loi-.'il. Hi-.k, for .■.\aiiiiilc, 11. B. Wonilwiinl, Qml. Mag. 1874, 
,, a-.'. ; „t Kw'laii.l and Wal.-s’ 2a'l «>lit 1>- 207. and authorities cited 

liy him. 
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are undoubtedly red sandstones, passing now into conglomerates and 
now into fine shales or “ marls.’’ In their coarsest forms, these detrital 
deposits consist of conglomerates and breccias, composed of fragments of 
different crystalline or older Palaeozoic rocks (granite, diorite, gneiss, 
mica-schist, quartzite, greywacke, sandstone, &c.), that vary in size up 
to blocks a foot or more in diameter. Sometimes these stones are well 
rounded, bub in many places they are only partially so, while, here and 
there, they are quite angular, and then constitute breccias. The pebbles 
are held together by a brick-red ferruginous, siliceous, sandy, or argilla- 
ceous cement. The sandstones are likewise characteristically brick-red 
in colour, generally with green or white layers and spots of decoloration. 
The ‘‘ marls,” showing still deeper shades of red, and passing occasionally 
into a kind of livid purple, are crumbling sandy clay-rocks, sometimes 
merging into more or less fissile shales. Of the argillaceous beds of the 
system the most remarkable are those of the Marl-slate or Kupferschiefer 
— a brown or black often distinctly bituminous shale, which in certain 
parts of Germany is charged with ores of copper. The limestone, so 
characteristic a feature in the Dyas ” development of the system, is a 
compact, well-bedded, somewhat earthy, and usually more or less dolomitic 
rock (Zechstein). It is the chief repository of the Permian invertebrates. 
With it are associated bands of dolomite, either crystalline and cavernous 
(Rauchwacke) or finely granular and crumbling (Asche) ; also bands 
of gypsum, anhydrite, and rock-salt. In certain localities (the Harz, 
Bohemia, Autun) seams of coal are intercalated among the rocks, and 
with these, as in the Coal-measures, are associated bituminous shales and 
nodular clay-ironstones. In Germany, France, the south-west of England, 
and the south-west of Scotland, the older part of the Permian system 
contains abundant contemporaneous masses of eruptive rock, among 
which occur diabase, melaphyre, andesite, tuffs, agglomerates, and various 
forms of quartz-porphyry. 

Reference has already been made to the occurrence of breccias 
containing striated stones in the Midlands and west of England, and to the 
possibility that these rocks, which have long been accepted as of Permian 
age, may be more naturally placed near the top of the Carboniferous 
system. No satisfactory line can be drawn between the two systems in 
that region, and the breccias have accordingly been described together 
with other evidence of possible glacial action in Permo-Carboniferous 
times (pp. 1050, 1057-1060). 

The Permian system in the greater part of Europe, from the prevalent 
red colour of its rocks, the association of dolomite, rock-salt, saliferous 
clays, gypsum, and anhydrite, and the remarkably impoverished and 
stunted aspect of its fauna, has evidently been deposited in isolated basins 
.in which the water, cut off more or less completely from the sea, under- 
went concentration until chemical precipitation could take place. Look- 
ing back at the history of the Carboniferous rocks, we can understand 
how such a change in physical geography was brought about. The Car- 
boniferous Limestone sea having been by uphe aval e xcluded from the 
region, wide lagoons, wherein coal -forming vegetation accumulated, 
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ItH hIU\ and m the land slowly went down, crept over 

riiigi»i4 that had fur ho many ages been })rominent features. The 
duwnwan! HiihtmTaiufun moveniont was eventually varied by local eleva- 
laaiH, and at la>t, aft*er the clone of the Carboniferous period, the Permian 
ha.iiiH canii* to he formed. As a nssult of these disturbances, the Permian 
lor-kH imn'hp the. ( arhuriiferous, and even cover them in complete dis- 
f’Hrdaiiri*, the denudation of the older formations having been, in some 
eiiorim»UH bidorc the Pttrmian strata were laid downd 
III Seutlu rn hurope and thence eastwards, abundant evidence of open 
in .Hiipplied by limestone containing a rich pelagic fauna of foramini- 
gaHteropof I h, ort hoccratites, and early precursors of the ammonites. 
Lii I h*‘ eonditions under which the Permian rocks of the greater 
p ul of I’jiropi* wt!ro dcposit.ed must have liecn eminently unfavourable to 
liO' Ae ^cji’fliiigly we find that these rocks are on the whole singularly 
h iir«'ii of uremic rmiiains. So great is the contrast lietween them and 
s4dor forma! iofi.H, that instead of such rich faunas as those of the Silurian, 
l>ovoniaii. and ( arbonifcrous systems, they have yielded only somewhere 
alii Hit, .'Hill .H|if'c*ii*H of oiganisms. 

I lif* flora of the older Permian rocks presents many points of resem- 
Iflaiiee to the Carboniferous.- According to GraneP Eury upwards of 50 
Nprri H of jdaiitH are common to the two floras. Among the forms which 
riHf* into flic I%’rrnian rocks and <li8appcar there, are Oalar/iites Suckowii, C. 

Jsif’ntphiilUb'ti A. rigiduR, recopteris elegans, 

SfidttHirimil, Sigillarut, llnmlii (and others), Stigmaria jicoides, 
Ac. Oihtira, which are mainly Permian, are yet 
ftaiiid in ilie highest (‘onl-bcHls of France, e.g. (Jakmifes gi(/a,% (Jalamodendmi 
iiio/ioii, A rlhftgniuH rztnutid^ Tiiudopfrru ahmmnis, JPkdcMa piniforrnis, See. 

I hit file Pertiiian flora has some distinctive characters ; such as the variety 
aiid ifiiiintity of the ferns united umUir the genus CcdlrpteriSj which do 

* III phirvn, ilii* wlioli’! of tl’i', ( !urb(niifcrou.s HyKtciu liad been worn away dowi) to 

!hr I ’ftf uj>on which tho Ponniau Haiulstoiies and conglomerates have 

hr-pti d«-|woilrd. Tin? disctordaiicc, liowever, Honictimcs disappears, aiul then tlie 

« aod iVriniiiii ow.kH shade into eac.h other. 

M * I hr FmhhiIo Flora ilcr FcrriiiHchtiii Formation,’ Cassel, 1864-65. Fj. 
, Ahhtnitii, iii. Hc.ft 1. il. Potonic (Flora of the Tlmringian 

, *ft. fit, Kmw! Folgo, Heft U ; ami ‘‘ I)i<* lloristischo CiliiMlcirung dcs Dentschen 
i Aihuu iiipI Frrim*" t>p, rif. Heft *IX. In this last paper, Fotonie has recognised ten 
■mn pnnm* friHO tlm base of the flarbnnifcrou.s system up into the Zeclistein. Of these 

n'% iifi* liarlwmifVrotii, vi/.. ; - ' I. Tlie <!ulm, with Arrlun^pfr.riH dinHevta and abundant species of 
lihmkit. IF H}!* Iliilf icdiimT Hcdiuditen of Upper Bilesia, with AdiantUes ohloncfifolius and 
Spiinmpirfis fh'iftfun. III. extemls thus far, and from here onward comes 

miinrutfi ; Ftfyitfui'la-tom. IV. Upper limit oi N’riiropter is tdeh/ehaui; many 

I I a*’ f'%|»li*ii«|itrrii!| s, IhtlmdtMpteriH fttrrtUfij /jtiiiclui/durifiy Sm. ] the richest llora in species. 

,1. aiioilar geni'rally to the last ; from hen; emward, Annv((tri(t slelldUi. VT. Ahun- 
*1 list Fn'sipb'rid^ ; fiom here onward, t>lpUUi ntu Iliutiulii. Vll. Jhise ol the Permian Roth- 
with ( 'tfUipieftH and Wolchm. VUII. To this point come JCumlatmtes and 
t bn! ParbosiiferouH tyjjeH are, waning. IX. jt<tyff>cal(<iiiUes ascends to this 
dm iiiid fpuii lieriT outvard come (’Ihmtmna /Iro/i///' and lUdi'm, dUjilatd. X. Zeclistein; 

hiMiri? *#fiWii.f4 Vtdtdtt apprai'H. 
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not occur in the Coal-measures, the appearance of Glossopteris and Ganga- 
mojpterisj^ the profusion of tree-ferns (Fsaronius, of which 24 species are 
described by Goppert, Protopteris, Caulopteris, Zygopteris^ Asterochlcma, 
Selenochlsena, Tempskya, Medidlosa, &c.), of Equisetites {Calamites major^ 
C. decussatuSj 0. striatus, Arthropitus), and of the conifers (Walchia pini- 
formis^ W. filiciformis, W, hypnoides, Ulmannia Bronni, U. lycopodioides, 
Voltsia liexagom, FiceUes, Amiicaoioxylon), The most characteristic plants 
throughout the German Permian groups are Odontopteris ohtusiloba, Ccdlipteris 
cojiferta, Calamites gigas, and Walchia piniformis. The higher Eussian 
subdivisions of the system, and also corresponding rocks in India, 
Australia, and other southern regions, contain what is called the Glossopteris- 
flora, with G. indka, G. angustifolia, G. stricta, Gangamopteris major, G. cyclop- 
teroides. The last representatives of the ancient tribes of the Lepidodendra, 
Sigillarioids, and Calamites are found in the Permian system. Cycads 
now gained increased importance in this and succeeding geological periods. 
Among their Permian forms are the genera Pterophyllum and Fsygophylluin. 
In extra-European Permian areas a marked commingling of Northern 
and Southern types of vegetation has been observed, forms of Voltzia, 
Pterophyllum, and Glossopteris being there prominent, together with species 
of Lepidodendron and Sigillaria.^ 

The impoverished fauna of the Permian rocks of Central Europe is 
found almost wholly in the limestones and brown shales, the red con- 
glomerates and sandstones being, as a rule, devoid of organic contents. 
A few corals (Polyccelia) and polyzoa {Fenestella, Phyllopora, Synocladia, 
Thamniscus, Acanthocladia) occur in the limestones, the latter sometimes 
even in continuous masses like coral-reefs, as in the dolomite-reef of S.E. 
Thuringia, The last of the cystidean echinoderms died out in Permo- 
Carboniferous time. Among the brachiopods (Fig. ill a, h), of which 
some 30 species are known, the most conspicuous are forms of Prodttctus, 
Camarophoria, SpirifeT,Athyris, Strophalosia, Chonefes, Chonetina, andAulosteges. 
The long-lived families of the Productidse, Orthidse and Pentameridse now 
appear for the last time. Lamellibranchs are not infrequent, characteristic 
genera being Schizodus (Fig. 411 d), Allorisma, Solemya, Edmondia, Pleuro- 
phorus, Parallelodon, Aucella, Pseudomonotis, BaJcevellia (Fig. 41I c), and 
Pecten (Streblopteria), while the Eussian brackish or freshwater strata 
contain Palmmutela and Oligodon. Among the few gasteropods, forms of 
Naticopsis, Turbo, Murchisonia, Plewrotomaria, Cymatochiton, and Plagioglypta 
have been recorded. An occasional Temnocheikts, Orthoceras, or Cyrtoceras 
represents the rich cephalopodan fauna of the Carboniferous Limestone. 
The last trilobites (Phillipsia) have been found in the Permian rocks of 
North America. 

^ These ferns, however, are found, as we have seen, in the Upper Carboniferous or Permo- 
Carboniferous rocks of Australia (p. 1059). 

- Zeiller has recorded the association of Gangamopteris with Lepidodendron and 
Lepidophloios in the coal-beds of Rio Grande do Sul in Brazil [B. S. O. F. xxiii. (1895), p. 
601). A Lepidodendron has been met with in Argentina among the Glossopteris-^oxd. {Rec. 
Geol. Sur^i India, xxix. Part ii. (1896), p. 68), and Sigillaria in similar company in South 
Africa (A. C. Seward, Q. L G. S. liii. (1897), p. 315). 
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It is not, however, from the sites of the brackish inland seas of 
western and central Europe that we can obtain the best conception of 
the animal life of Permian time. If we pass southwards into the Alps 
and the Mediterranean basin, or eastwards into the Uralian region and 
thence into India, we find that while some of the European forms extend 



Fi< 4 . 411. — Permian Bracliiopods and Mollusks. 

<(, Stroplialo.sia Goldfuissi, Miin.st. (enlarged) ; h, Prodnetus horridus, Sow. ; e, ]3ake\’ellia 
tumida, King ; d, Scliizodus Schlotheimii, Geinitz. 


into these areas, they are accompanied by many hundreds of other species. 
One of the most remarkable features in this richer pelagic fauna is 
the great number of the cephalopods and the affinities which many of 
them present to the Ammonites so characteristic of Mesozoic time.^ 
Among the Permian genera of this type are Adrianites, MedlicoUia, Popano- 



Fig. 412. — Paloeoniscus macropouius, Ag. (^) KupfcrschicAn’. 
From a rostoration by Dr. Tra<iuair. 


cems, Stacheoceras, Tlialassoceras, and Waagenoceras. They are associated 
with many forms of Orthoceras, Ggroceras, and some which have been called 
Nautilus (though probably belonging to other genera) — a blending of 

^ Oil the structure and classification of the Permian Ammonites see E. Hang, B. S. G. S. 
xxii. (1894), p. 385. 
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anrl whit'h in iniirli Ii'mh rliviiiv iii l■*illl;ll 

ancl wtJHtarn Hurupa. 

Finlum, whi<*h an* pnijHirtioiiaialy ri*prrst»iil*‘*l in lli** Kiir« 

Frniiian rofk.H than tin* iiiv<Ttnl»ruf •• h. *’hirl!y nrnir in tin* iii^irl Aiii*^ 
Knpfar.scliinfni*, the* must e-«niniiMn pnH*!*a l«*in;^ I 1 i, 

which is spi»«*iaily charae'tnri.’^tic, -ll.'tj, ^ , 

. I . ami . I 

Ainphihian life appi*ars t<> have* hcini ahuiseiaiit in Fninian fiin**-. 
for Hninc- «)f th«^ HaniistoiicH of tin* .Hy*^t»*tn aia* ImoI | iriii^:, 

assi| 4 nt*{l to tin* cKtiiirt ori|i*r of LaUyrinth«eiIont^, Urra'oonal an4 

otlnT luaH*H have hcan iin*t with rt*fi*rahl»* l*e .. a /# o i »o' ' m' „ 
{ l*h ttrun('itrti)^ Ac. Hie rr'inains (4 I'oiiip.irijif 

few forriiH, hnwrv<*r, }ia»l hern foiual iiiilil t!ic r<iiiaika!*ic >*! 

I h*. Anton FritHch in the iatsiiiH of FiFcn auel Ih'ikowiiz, in Ikiliriiii.i, I Is*- 
strala of thew* localitif.H have herjt already fp. I^ru'ei ri»fi*rri*si !r» *'oiiioi.ii 



iiig an ahumiaiit anil channieriHlir roal flonn y**l ivi!!i n fauna tliat i-t 
<lc('ifliaily liki* that of liai»»wn Ferininii rorkn. Ar'-rordin^, f.|irrrf*ir*% 
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t kirhonifm’OUH or m Frniiiaii. t ff ilm niitiinroiiii Satoii and Ikili* iniao 
Hpiwii'H of iiinjiliihiaiiH, Fnif«*»Hor < 'minor in IfroHileii ami In Fiiii<li m 
Fragitn Iiavc pithlii 4 ln*i| olHlniraln donrH pfion.H. Anion^ tlie 14 * n*’i i ao 
//ooc'/ooAvoinra a form rt**ii*rnhliiig nu nartli «ilaiiiaii«|rr iii po.aM.niij i/Aln, 
iifid of wliifdi flic npvvmwu i« tifily akoiil lining , 

HiiimimnuM, AEhnerffrffm, r .j 
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long. Otlwsr typoM, liownvnr, nttniinai a miirli krgi’i ^ 1 / 1 % otr, 

iiwiiifinf*, Iming mtimnti^fl to have hml a lniigf}i of iA fi e| ^ { iMfn tl,. 
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Z, iK IE E. K, II. AVI. %%ui . 


PERMIAN SYSTEM 


1069 


SECT. V g 2 


corresponding strata of Autun in Central France, M. Gandry also de- 
scribed some interesting forms — Adiuodon, Branchiosmirus, Eucliirosaums, a 
larger and more bighly organised type than any previously known from 
the Palaeozoic rocks of France, but inferior to another subsequently found 
at Autun, which he named Stereorhachis, and which was distinguished by 
completely ossified vertebrae and other proofs of higher organisation that 
connect it with the Theriodonts of Eussia and Southern Africa and with 
the Pelycosaurians of the United States.^ Various other anomodont 
reptiles have been met with, referable to a number of genera (Pareiasaurus, 
&c.). Of still higher grade were other types, to which the names Naosaurus, 
Clepsydrops, Proterosmrus, and Palmlia.Ueria (Ehynchocephalia) have been 
given. Some remarkably successful researches have in recent years been 
carried on by Professor Amalitzky among the Eussian upper Permian forma- 
tions, where he has disinterred fifteen or twenty skeletons of Pareiasaunis, 
some of which must have been four metres in length, four skeletons of 
reptiles resembling the Ehopalodonts, some bones belonging to Dicyno- 
donts, many new genera of Theromorphs and probably of Deinosaurs, 
and lastly some stegocephalian skeletons {Melanerpeton and others).^ 
Other traces of the terrestrial life of the time are furnished by the 
occasional occurrence of the remains of orthopterous insects,^ scorpions, 
and millipedes. 

No satisfactory scheme of subdivision of the Permian system has yet 
been devised capable of general application. In Europe, where the 
terrestrial and marine types of sedimentation are so well developed, it 
has been proposed to adopt a threefold arrangement. The lowest sub- 
division, which has been named Autunian (from Autun in Prance, where 
it displays the type with a terrestrial flora) or Artinskian (from Artinsk 
in Eussia, where it presents the marine facies), includes Carboniferous 
genera and even species of plants and animals, but with a proportion of 
novel forms. The middle includes the Eed Sandstones, which in Saxony 
and the north-west of England attain such development, and has been 
termed Saxonian. The upper comprises the English Magnesian Lime- 
tones and German Zechstein, and as it is typically displayed in Thuringia 
it has received the name of Thuringian. 

§ 2. Local Development. 

Britain.^— In England on a small scale, a representative is to be found of tlie two 
contrasted types of the European Permian system. On the east side of the island, from 

^ Gaudry, B. S. O. F. vii. (3 ser.) p. 62 ; ix. p. 17 ; xiii. p. 44 ; xiv. pp. 430, 444. 

‘ Les Encliainenieiits du Monde Aiiinial,’ 1883 ; Arch. Mi^s. Nat. Paris, x. (1887). 

- Ooinpt. rend. March 1901 ; Seeley, Phil. Trans, clxxxv. (1894), p. 663. 

^ E. Geinitz, Neues Jahrh. 1873, p. 691 ; 1875, p. 1 ; Nov. Act. Lexq). Carol, xli. 2 
(1880). 

Sedgwick, Tracis. Geol. Soc. (2) hi. (1835) p. 37 ; iv. 383. De la Beche, ‘Geology of 
Cornwall, Devon,’ &c. p. 193. Murchison, ‘Siluria,’ p. 308. W. King, ‘Monograph of 
the Permian Fossihs,’ Palmntog. Soc. 1850. Hull, ‘Triassic and Permian Rocks of Midland 
Counties of England,’ in Mem. Geol. Burv. 1869; Q. J. C. S. xxv. 171 ; xxix. p. 402 ; 
xlviii. p. 60. Ramsay, o}). cit. xxvii. p. 241. Kirkby, op. cit. xiii. xvi. xvii. xx. E. Wilson, 
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the coast of Nortliumberlaiid southwards to the plains of the Trent, a true ‘‘Dyas” 
development is exhibited, the Magnesian Limestone and Marl Slate forming the main 
feature of the system ; on the west side of the Pennine chain, however, the true Permian 
or Russian facies is presented. The system is in this country most nearly complete in 
the north-western and south-western counties of England. Arranged in tabular form 
the rocks of the western and eastern areas may be grouped as follows : — 

W. of England. 

Red sandstones, clays, and gyi)suni . 600 ft. 

Magnesian Limestone . . . \ 

Marl slate j lu ,, 

Lower red and variegated sandstone,! 

reddish brown and purple sand- | 3000 

stones and marls, with calcareous j 
conglomerates and breccias . . J 

Lower Sandstone. — This subdivision attains its greatest development in the vale 
of the Eden, where it consists of brick -red sandstones, with some beds of calcareous 
breccia, locally known as “brockram,” derived principally from the waste of the Car- 
boniferous Limestone. These red rocks extend across the Solway into the valleys of the 
Nith and Annan in the South of Scotland, where they lie imconformably on t}}e Lower 
Silurian rocks, from which their breccias have generally been derived, though near 
Dumfries they contain some ‘‘brockram.” The breccias have evidently accumulated in 
small lakes or narrow fjords. In the basin of the Nith, and also in Ayrshire, numerous 
small volcanic vents and sheets of diabase, picrite, olivine - basalt, andesite and tuff are 
associated with the red sandstones, marking a volcanic district of Permian age. The 
vents rise through Coal-measures, as Avell as more ancient rocks. Similar vents in 
Fifeshire, also piercing Coal-measures, have been referred to the same volcanic period. 
Of these vents no fewer than eighty have been observed in a space 12 miles long by 6 
or 8 broad between St. Andrews and Largo. In Devonshire similar rocks mark the out- 
pouring of lavas in the early part of the Permian period.^ But these volcanic pheno- 
mena w’ere on a feeble scale. They are interesting as marking the close of the long con- 
tinuance of volcanic activity during Pahnozoic time. Neither in Britain nor, save at one 
or two places on the Continent, has evidence been found of renewed eruptions during 
the long lapse of the Mesozoic ages. 

In Central England, Staffordshire, the districts of the Clent and Abherley Hills and 
the lower basin of the River Severn, the rocks hitherto classed as Permian have been 
subdivided into three groups: 1st, Lower Sandstones and marls, 850 feet ; 2nd, Breccia 
amd conglomerate group, averaging perhaps 200 feet in thickness, with bands of calcareous 
cchiglomerate and the remarkable *‘trappoid” breccia which Ramsay adduced as 
evidence of glacial action (p. 1050) ; 3rd, Upper Sandstones and marls, 300 feet. The 
lower of these groups has been shown from its fossil contents to be really a part of the 
Upper Coal-measures, while the uppermost has much afl&nity with the Trias. There 
appears to be no doubt that there is a practically unbroken series of red strata 1500 
feet thick extending downwards into unquestionable Coal-measures and upwards into 


op. cit xxxii. p. 533. D. C. Davies, op. cit. xxxiii. p. 10. H. T. Brown, op. cit. xlv. p. 1. 
H. B. Woodward, Geol. May. 1874, p. 385 ; ‘Geology of England and Wales, ^ p. 210. T. 

V. Holmes, Q. J. G. S. xxxvii. p. 286. W. T. Aveline and H. H. Howell in various Memoirs 

Geol. Surv. T. G. Bonney, Midland Natumlistj xv. (1892). W.W. King, op. cit. xvi. (1893), 
p. 25 ; Q.. J. 0. S. Iv. (1899), p. 97. R. D. Oldham, ojj. cit 1. (1894), p. 463. 

^ A. G., Geol. Mag. (1866), p. 243 ; Q. J. O. S. (1892), Presid. Address, p. 147, and 

‘Ancient Volcanoes of Great Britain,’ vol. ii. The Fife volcanic vents have been descril^ed 
by me in detail in the Geol. Swrv. Memoir on Eastern Fife, 1902, chaps, xvii.-xx. 

2 T. C. Cantrill, Q.. J. G. S. li. (1895), p. 528. W. Wickham King, op. cit. Iv. (1899), 
p. 97. 
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the Trias. How much of this mass of sediments should be called Permian, and where 
the lines of separation are to be drawn, is still undecided. It will thus be seen that 
the remarkable breccias above referred to come into this debatable ground. They have 
generally been called Permian, but as the series of strata in which they lie passes down 
conformably into the Coal-measures, they may be claimed as Carboniferous, there being 
no decisive paleontological evidence to fix their stratigraphical horizon. 

Like, red deposits in general, the Lower Permian strata are almost barren of organic 
remains. Such as occur are indicative chiefly of terrestrial surfaces. Plant remains 
occasionally appear, such as Ullmanoiia, Lepidodendron^ Calamites, Sternhergia, 
Dadoxylon, and fragments of coniferous wood. The cranium of a labyrinthodont 
[Dcmjceps) has been obtained from the Lower Permian rocks at Kenilworth. Footprints, 
referred to members of the same extinct order, have been observed abundantly on the 
surfaces of the sandstones of Dumfriesshire, and also in the vale of the Eden. 

Magnesian Limestone Group. — This subdivision is the chief repository of fossils 
in the Permian system of England. Its strata are not red, but consist of a lower zone of 
hard brown shale with occasional thin limestone bands (Marl Slate) and an uj)per thick 
mass of dolomite (Magnesian Limestone). The latter is the chief feature in the Dyas 
development of the system in the east of England. Corresponding with the Zechstein 
of Germany, as the Marl Slate does with the Kupferschiefer, it is a very variable rock 
in lithological characters, being sometimes dull, earthy, fine-grained, and fossiliferous, 
in other places quite crystalline, and composed of globular, reniform, botryoidal, or 
irregular concretions of crystalline and frequently internally radiating dolomite. It is 
divisible in Durham into three sections — 1st, Lower comxmct limestone, about 200 feet 
thick ; 2nd, Middle fossiliferous and hrecciform limestone, 150 feet ; 3rd, Upper yellow 
concretionary and botryoidal limestone, 250 feet. The Magnesian Limestone runs as a 
thick persistent zone down the east of England.^ In southern Yorkshire it is split 
11 }) by a central zone of marls and sandstones with gypsum.*-^ It is represented on the 
Lancashire, Cheshire, and Cumberland (Penrith) side by bright red and variegated 
sandstones covered by a thin group of red marls, with numerous thin courses of lime- 
stone, containing Schizodus, Bakevdlia and other characteristic fossils of the Magnesian 
Limestone. Murchison and Harkness have classed as Upper Permian certain red sand- 
stones with thin partings of red shale, and an underlying band of red and green marls 
and gypsum. At Hilton Beck, Westmorland, a number of Permian plants have been 
found {Sphenopteris Na'umanni, S, dichotovia, Aletliopteris Goepperti, Ulmcmnia sclagi- 
noides, U. Bronni, Ac.), and there occur also thin coal-seams in the same series of strata. 

The Magnesian Limestone group of the north of England has yielded about 150 
species belonging to some 70 genera of fossils — a singularly poor fauna when contrasted 
with that of the Carboniferous system below. The bracbiopods include Productus 
horridxts, Spirifer alatus, Camcirophoria Jiumbletonensis, O. Schlot/icimiij Strophalosia 
(roldfussi, Lingula Credneri, and Terehmtula {Dielasma) elongata. Of the lamelli- 
brancbs Schizodus Schlotheimii, BaTcevellia tumida, B. antique^ B. ceratoqdiaga, Mytilus 
squamosus, and Parallelodon striatus are characteristic. The univalves are represented 
by 10 or more genera, including Pleurotomaria and Tiorbo as common forms. Hine 
genera of fishes have been obtained chiefly in the Marl Slate, of which Palmniscus and 
Platysomns are the chief. These small ganoids are closely related to sonie which 
haunted the lagoons of the Carboniferous period. Some reptilian remains have been 
obtained from the Marl Slate, particularly Proterosaurus Spencri and P. Huxleyi, while 
the amphibian Lepidotosaurus Duffii has been found in the Magnesian Limestone. 

^ In a boring at Wliiteliouse, Norton, in the Tees district, the limestone was found to be 
only 299 feet thick — the thinnest developnieiit of it yet found in Durham. 

- Some borings made in the Hartlepool district a few years ago showed the limestone to 
be there interleaved with anhydrite, and to he overlain with more than 250 feet of that 
deposit. 
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r .iimM „1- vnrioiiH tuIlM, i,ut, »iirn-.,u..u% eii«I(«iiiK orgmiio rauains.i In the district 
nl til.' Saal Ih.-W volcaiii.- m-iliThils fhrm iilmost tlio whole of the Lower Rothliegendes, 
and have iH i-ii l«.i.'d llinmgh to a depth of more than 1100 fathoms without their 
I'otJoin iii-iug leai-hi'd. Ihe lowest or Lamhsherg- Liibcjiinor porpliyry with large 
.■lystals h.-iH l...rii -■..uiimicd t<i cover aii urea of ‘255 to 200 square kilometers, and to 
• •iKtaiu at lcii-.t .'It ciihic kilometers of material — a mass which may' equal or exceed 
iJial of tlie eruption ..r Skaptar .lokul in 1780.2 From the very nature of its 
< oui|B.iten! miiteii.ils, the Hothliegcmles is comparatively harren of fossils ; a few ferns, 

. Iil.imite,. ami lem.iiiis of .■oniferous trees are found in it, particularly in the lower part 
*if' flj»* whrrr iliry ffum thin .sfaiiiM of coal. 

I Iji’ j»l ifi! % all uf growth, on tlic whole renemhle generically the Carbonic 

hill svvm to he nearly all .spceilioally diHtiiict. They include forms of 
^ iim\ feruH of tlio genera Callipteris (C. conferta), 

Krvt'iq^iFrh, < hftntloiitdrb, with well-preserved silicified stems 
oi tM.- irni. Tnhii-tdtliH), (JnnlfftUs, and conifers. The conifer WalcUa 

id i^pfciully chnnu-h'iistic. The mollnsks have a fresh-water or lagoon 

I I J . ffJi, ft „ There occur also npeeiihs of ostracods {KHiherm), while occasional 

!f s . rif iinoriH ElnUfufiuui) have been met with. Fish remains occur 

■ p ^nntdy A EfAinutlsnis, Ai'anfliadcs, JVxiuracanfJms, (Jtenodus), while, as 

l-ihyi in I hodoni h huvo* hecn found in the Dresden district in consider- 
iinnil»»'r .iind variety. 

l‘he /a tdi gr‘»U|i in characterised hy a suite of fossils like those of the Magnesian 
Lilli* d»»ne group i*f Lngland. The Kuphu’sehuder contains numerous fish {Palmniscus 

}♦ f/r tjihhosuit, ^c.) and remains of plants (coniferous leaves and 

liiid h ^c. j. This deposit i.s believed to have been laid down in some 

i’U" 1^*?* d ifaHin, the wat**rs of whiidi, prohalily from the rise of mineral springs 
rviniicrfril witli Hoin*’ of the volcanic foci of tlui time, became so charged with metallic 
'oy! t in ■oliifion an to In* uritit for the continued existence of animal life. The dead 
ti li, phint n I?y flndr tlccay, gave rise to reduetion and ]>reeipitation of these salts 

liu iii||diid» \vhi«di tlicreupon emdosed and rejdmsul tin* organic forms, and permeated 
ill*' fiyid ill the 1»o|tonn Thin old sea-floor is now the widely-extended band of copper- 
'iliS*' %4ihh li liii^ lircii so long and so cxteiisivcdy worked along the llanks,of the Harz. 
Afl‘ i I hr* foriinifioii of the KupferHehiefer the area must have been once more covered 
witli rhiirr %vater\ f«ir the Zcchsleln Limestone eon tains a number of marine organisms, 
•ifoojrg wlds'li !*ftnhtY‘fun h*>tridii$^ Sinrifcr (UfdtiSj StroqdialoHUo Goldfmsij Terchratula, 
i ifriftA'itiiti \ (Uinyinqdiurla EMntkr.imil^ Hchizmlm ohmurm, and Faiestellcv 

rrf ifir/rwy « ar#* eoiiifiioii. Renewed unfavoiiralile conditioiiK are indicated by the dolomite, 
gy|i'*»»iii, iiid whieh suceefuL Reasoning upon similar phenomena as developed 

III Eiigliiiid, liwrmay roniieeietl tlnuu witli the abundant labyrinthodont footprints and 

«||ier r videiierH of Mlsores and lami, as well as with the small number and dwarfed forms 
of I lie in the Miigiicsiau Limestone, ami speculated on the occurrence of a long 

*’ period’* In Kurojs*, during one epoch of which a number of salt inland 

exiulrtil wlmrein tlie IVrmian rocks were acmimulated. He compared these deposits 
tfi wli«t nmy l>e iiip|Mised to be forming now in jiarts of the Caspian Sea. 

Hoinii of the f|e|rostts of the Zetdtstein in Oennany have a great commercial value. 
Tli*'* tw'ib fd' ro^'k “Willi are among the thickest in th(^ world. At Sperenberg, near Berlin, ■ 
Imn }m>u pierced to a depth of nearly 4000 feet. Besides rock-.salt and gypsum 

^ Tlir p»drognipliy of Uichc rmtks (augite-i)orphyrite, basaltic, diabasic, and doleritic 
lii* |;i|iliyrr 4, h ilcwn ihcti from the Upper Permian series of the Palatinate by A. Leppla, 
Nffti. .\”iv. (1803) p. 134. 

' F. and K. von Fritwrh, AhkamL Pranm. (Jeol. Landcmtwt., Neue Folge, No. 

pi , p. id2. 
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iiisiriiH* hlii'lln, rriiiMi<i-s, and rMral'. nm » h.-ii •»! ih-tl y. 4' = *■*. 

i^’niiiiin ‘-itratii linvr yifldrd tio’ ’.‘"nr ^ <4 -i*'’ ■ ; * f’* t 

t.M, iM'jt'thrr with nhlindalit trai'i''! »d' III!' l-ijid mI iIm- I'.i-nM-i, a'; 'I 

ina.i’ii;!, H<r«»rpiMUa^ }iiilli|»*'d»*a, and an-li !rn»--4 iiani-y-.j "."i , , - jf/. 

( fVnUtfitr ^lirfhupff ft’i, f ff ijfiff i' i:s ji,- jf. , _ ,Vi /i ■ .1', # 1-,;/ \ 
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Vo8gas. Ill f hi’t M’ltimi ill*' iidlMwiij)' '*i|i I'r-viiniii *4 h-jt « 

IVriidiut Hynti’iij : 


4. KMidhai'Ui'i gM'Uli nf rrd hs- .'in,.!. ■_ . 
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'riir «%\i’itrio-o Ilf VMli’aiiif ar!}M|i doiiog I'l-insiis# fiiO''' jo this h • > ^ i- -il <■■'.■. 14 !.y 
till' {irr.'ii'iiri’ Ilf ililrj'H! ra! jJjrd ha’dr lava=s, and 1 »V tl'*' 7 ‘S' ‘1 1 « sif •; 

of «jyari/'jH»rjdiyry in Ih*' wlsoh •la'i-u h*'ru . .-oji.a!. i 
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in flir*Hi htmtii, I’Vi-ii \hv lino-'iiMnr iMiif ajujio’ *<iiU f'l*'!]. .ryjLr.'ii'; 

Ffoin thfi din! I'ilfu! jMii #4 thr fir-tHijn a ii«r*'*'l>dd 1 .0 -i-hf <; <•« i wMt '-I s . *s 

wdioir wi'ii’H \mn lif'i-Ji niitd>% A hm-ri ?}«[ Ir.jtst t!'** *<- V- o liti J, 

lying oonfonimldy ii|»o!j llo" < *o/d -ini’a^sufra, and * .r.-*; / ?<■ *0 

lihlindanl j, iVo////fif/*dr, a »4 ir.i//-h,u, *4 

or finilH, vyitrith I'fowdrd in |.iy»‘n4 *4 «ih;»|i-, s » *11 "* • f. i. i 

nuiiihrr of fmljrfi J ran, /.%■»• ?/.» ■< . 41. I ti,- 

mn|diil»ianH and rj’|4il«'a already j*4«'rr»'d to • Jrfsiio^ov.-i, /d; ^ h;" 

'ind, A iniddlo giMij|i sdiojii lUtn ini-fjri^ ihn-k, .-4 * -.-s st ...o *4 -iMTift-r 

iHtindly I ’Hrhoiiifi'Msu.H Ilf |diin! '.j, and an jn ''"!-* 1 

^ F. * iJir Htrin'-^alj'.wrrlo.* Im' 3 flail*’, j * toy-,..,,,'. If.-- |,/;.| 

drr Hf rin’ad/liiijrrr/ Hall*-, FH 77 . lit, * f-*?!’ H-.il/nidii'st! jr in/ | 1% I :■' ■•*, 

ZnfH<'h. pmki. iirul,, fH'ifi, 

iFfii’oki^ find Van Wrrvrrkr, 4 /f^ 7 i. m “.>..1 1,,. 

|». 45 , Vrliiin, il, S, N, J\ ftrr. II. %m, d,. %<ii F..' j ‘ ’"‘•••*1 , 

Karti* V, H<’ 1 itvar!/w.nM ’ ||hN 7 i. A AFv* and I - ,-fa.fi.a i-. rd 
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miaii forms. Namerous species of Pecopteris still occur, but Callipteris makes its appear- 
ance {Q. coYbferta, C. gigantea). Walchia ( W. piniformis, W. hypnoides), Galamites, 
Sphenophyllnm^ QalayRodendron, and fruits abound. The animal remains resemble those 
of the lower group, but with the addition of BrmicJviosauriis. Srd, An upper group 
locally known as that of the ^‘Boghead,” from a workable band of bituminous 
shale or coal.^ The thickness of this group is about 500 metres, the upper portion 
consisting of red sandstones without fossils. The flora is now markedly Permian. 
Pecopterid ferns are rare, and are specifically distinct from those in the group below. 
There is an abundance and variety of Callipteris, together with Sigillarla, abundant 
Walchia and Asterophyllites, Pkeites, Apheiiophyllicm, Carpolithus, &e. The fauna is 
generally similar to that in the middle group, but less varied.^ 

In the extreme south of France, between Toulon and Cannes, Permian rocks re- 
appear, and though occupying but a limited area, constitute some of the most pictur- 
estpe features along the Mediterranean shores of the country. They consist of lower 
massive conglomerates, with intercalations of shale, containing W alchia and Callipteris, 
followed by shales, marls, red sandstones, and conglomerates. But their distinguishing 
feature is the enormous mass of volcanic materials associated with them. The lower 
conglomerates, besides their fragments of gneiss derived from the pre-Cambrian rocks 
of the district, contain abundant pieces of quartz-porphyry, of which rock also there 
are massive sheets, that rise up into the well-known group of hills forming the 
Esterel between Cannes and Frejus. Besides these acid outbursts in the older part of 
the formation, sheets of melaphyre are found in the upper part, wliile dykes of nodular 
felsite, pitchstone, and melaphyre traverse the series.^ 

Farther east the terrestrial facies of the rocks is well disjdayed in Tuscany, where 
the shales of Monte Vignale and other localities have yielded an abundant flora of ferns, 
Walchia, 

Westwards in tlie region of the Pyrenees, and in various parts of the Iberian peninsula, 
rocks believed to be Permian have been recognised. They have in some places furnished 
marine fossils like those of the Artinsk stage ; in others laud-plants, including Walchia. 
They frequently present thick masses of conglomerate, sometimes resting upon Carboni- 
ferous rocks, sometimes on formations of older date.® 

^ “ Boghead,” so named from a place in Linlithgowshire, Scotland, where the substance 
was first worked for making gas and oil {ante, p. 184). The so-called “Boghead” of 
Alltun has heen ascertained to contain a large quantity of the remains of gelatinous fresh- 
water alga3, mingled with the i>olleii of Cordaites ; B. Penaiilt and C. E. Bertrand, iSoc. Hist. 
Nat. Autun, 1892. 

“ E. Roche, B. C. F. ser 3, ix. (1880), p. 78. See also the series of ‘Etudes cles 
■Cites Miiieraiix,’ published by the Ministry of Public Works in France, particularly the 
volumes by Delafond on the Autun Basin, and by Mouret on that of Brive ; likewise the 
Memoirs by Grand’ Eury already cited, and his comninnication in Conipt. rend. Coyigres. 
Ceol. hiteniat, Paris (1900), p. 521. Bergeron, ‘Etude Geologique du Massif an sud dii 
Plateau Central,’ and B. S. G. F. ser. 3, vol. xvi. Professor von Reinach, Z. 1). G. G. (18*92), 
p. 23, gives a careful comparison of the French central plateau Permian rocks witli those 
of the Saar and Nahe. 

F. Walleraur, ‘Stride Strat. Petrog. des Manres et de I’Esterel,’ 1889, p. 89 ; Carte 
Betaill. GeoL France, Feuille d’ Antibes. Michel Levy, B. 8 . G. F. vii, (1870), p. 763; 
Bull. Carte Geol. France, No. 57. Potier, B. 8. G. F. ser. 3, v. p. 745. 

^ C. Be Stefani, “Flore Carbouifere e Permiano,” It. Istitut. Stud. Superior. Set. F'is. 
Nat., Florence, 1901. 

® See J. Roussel, “^Jtude Stratigraxfliique des Pyrenees,” Bull. Carte Geol. France, No. 
35 (1893). E. de Margerie and P. Schrader, Anyi. Club Alpin. Frangais, xviii. (1891). 
Viguier, ‘^Itudes Geol. sur Dept, de TAude,’ Montpellier (1887), p. 286. Caralp, 
B. S. G. F. (3), xxii. and xxiv. 
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Alps.^ — On botli sides of tlie Alpine chain a zone of conglomerates and sandstones, 
which intervenes between the Trias and older rochs of the region, has been referred 
in part to the Permian system. The conglomerates (Yerrucano'-^) are made up of the 
detritus of schistose rocks, porphyries, quartz, and other materials of the central core 
of the mountains. They sometimes contain sheets of porphyry, and occasionally, as at 
Botzen, they are replaced by vast masses of quartz -porphyry and other volcanic rocks, 
with tuffs and volcanic conglomerates, indicating vigorous volcanic action. An inter- 
calated zone of shales in the lower conglomeratic and volcanic part of the series in the 
Val Tronipia has yielded WalcMa piniformis, W. filicifovmis^ jSchizopteris fasciculata, 
Sphenoptcris iridactijlitcs^ &c., and serves to mark the Permian age of the rocks con- 
taining these plants. Eastwards, at Fiinfkirehen, in Hungary, in a corresponding 
position below the Verrucano conglomerate, a group of younger Permian plants has been 
found, including species of Baler a, Ulhnannia^ KoUzia, Schizolepis, and Carpolithus, 
nearly half of which occur also in the German Kupferschiefer. Above the conglomerate 
or the porphyry comes a massive red sandstone called the ‘‘Groden Sandstone,’’ 
containing carbonised plant-remains. But the most distinctive and interesting feature 
in the Alpine development of the Permian system is found in the upper portion of the 
series in the southern region of Tyrol and Carinthia. The red Grciden sandstone is 
there succeeded by beds of gypsum, raiichwacke, and dolomite, above which comes a 
bituminous limestone known, from the abundance of species of Bellerophon, as the 
“ Bellerophon Limestone.” This calcareous member is highly fossiliferous. It con- 
tains an abundant marine fauna, which includes numerous species of Bellerophon, and 
species of ‘^Nautilus'' (so called), JYatica, Pecten, Aviculopecten, Avicula, BaJcevellia, 
Schizodus, SpirifcT (7 species), Athyris, Streptorhynchus, Orthis, Leptmia, Produdiis, 
and Fusulina. Nearly all these are peculiar species, but the JSchizodtis, Bakevellia, and 
Natica connect tlie assemblage with that of the Zechstein. 

It is interesting to trace in this Bellerophon Limestone an indication of the 
distribution of the more open sea of Permian time in the European area. While the 
Zechstcin was in course of deposition in isolated Caspian-like basins across the centre of 
the Continent, calcareous sediments were accumulated on the floor of the opener sea 
already alluded to as lying to the south, over the site of the present Mediterranean, and 
stretching eastwards across Russia and the heart, of Asia. A portion of this sea-floor has 
been detected in Sicily, where near Palermo M. Gemmellaro has described the abundant 
fauna found in its limestones. Foraminifera {Fusulina) abound in these rocks, but 
their most remarkable feature is the number and variety of their cephalopods, which, 
besides Palieozoic types {Goniatites, Gastrioceras, Orthoceras), comprise many new 
forms (17 genera and 54 species) akin to the tribe of Mesozoic Ammonites 
{Adrianites, Agathiceras, Cyclolobus, Daraelites, Medlicottia, Parapronorites, Popano- 
ceras, Stacheoceras, Waagenoceras), also gasteropods {Bellerophon, Pleicrotomaria, &c.) 
and brachiopods.^ In the valley of Montenotte, Western Liguria, jaspers have been 
found among the sericitic schists, containing numerous genera and species of radiolaria, 
regarded as of Permian age.^ 


^ E. Suess, Sitzb. Akcd). Wien, Ivii. (1868), pp. 230, 763. G. Staclie, Z. B, Q. G. xxxvL 
(1884), p. 367 ; Jahrh. k. k. Oeol. lieichsanst xxvii. (1877), p. 271, xxviii. (1878), p. 93 
(giving the fauna of the Bellerophon Limestone) ; V&rhand. k. k. Geol. Reichsanst. (1888), 
p. 320. E. Mojsisovics, ‘Die Dolomit-Riffe von Siidtirol und Venetien’ (1879), chap. hi. 
Fraas, ‘Scenerie der Alpen.’ Milch, ‘Beitrage zur Kenntniss des Verrucano,’ Leipzig, 1896. 

- The age of this rock, like that of the Flysch, has been long discussed. It has been 
claimed successively as Liassic, Carlmniferous, Triassic, and Permian. It probably represents 
a peculiar phase of sedimentation which persisted through successive geological periods. 
See a recent statement on the subject by C. Be Stefani, op. supm cit. p. 129. 

^ Professor Gemmellaro, ‘La Fauna dei Calcari con Fusulina,’ &c. Palermo, 1887-89. 

^ C. F. Parona and G. Rovereto, Atti. Accad. R. Sci. Torino, xxxi. (1895). 
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Russia.^ — The Permian system attains an enormous development in Eastern Europe. 
Its nearly horizontal strata cover by far the largest part of European Russia. They lie 
conformably on the Carboniferous system and consist of sandstones, marls, shales, 
conglomerates, limestones (often highly dolomitic), gypsum, rock-salt, and thin seams 
of coal. In the lower and more sandy half of this series of strata remains of land- 
plants {Calamitcs gigas, Cydoj>teris, Pecopteris, &c.) fishes (Pal^eoniscits), and labyrin- 
thodonts occur, but some interstratified bands yield Productus Cancrini and other 
marine shells. The rocks are over wide regions impregnated with copper-ores. The 
upper half of the series consists of clays, marls, limestones, gypsum, and rock-salt, 
with numerous marine mollusea like those of the Zechstein {Productus Cancrini, 
P, horridus, Camarophoria Schlotheionii), hut with a rather more abundant fauna, 
and with intercalated bands containing land-plants. 

Much attention has been given in recent years to these rocks, which have now been 
brought into closer comparison with those of other regions. As developed on the 
western slope of the Ural Mountains, they have been found to consist of the following 
groups of strata : — 

Red clays and marls, with intercalated sandstones and limestones, almost 
wholly unfossiliferous, but with a few lainellibranchs resembling Unio {Carhunicola 
\_Anthracosia'] castor and C, umbonatus). This thick group may possibly be partly 
or wholly Triassic. 

Copper-bearing sandstone, permeated with oxide and sulphide of copper, and 
containing species of Galamites {gigas), Sphenopteris {lohata, crosa), Callipteris 
(obliqua, con/erta), Nbggerathia, Dadoxyloii, Knorria, kc. 

Marls, sandstones, and conglomerates with ill-preserved plants (which seem to be 
on the whole like those of the Artinsk gi’oup below), Qarbonicola { Unio) castor, 

O. umbonatus, (1 GoUlfussiana, Archegosaurus, Acrolepis, while some of the 
sandy marls contain a characteristically marine fauna, Productus Cancrini, P. 
koninckianvs, A thyris pectinifera, and Spirifer Imeatus. 

Gypseous limestones and dolomites. 

Artinsk grouj-) of sand.stones, conglomerates, shales, marls, limestones, and 
dolomites, stretching from the Arctic Ocean to the Kirgiz Steppes, and lying 
conformably on the Carboniferous Fusulina Limestone. This group contains a 
remarkably abundant and varied assemblage of fossils. The plants include species 
of Calaniites, Noggerathia, Sphenopteris, Odontupteris, &c. The fauna comprises 
a number of common Carboniferous shells such as Productus seniireticulatus, 

P. cora, P. longispinus, P. scahricnlus, Orthoiheies {Streptorhynclms) crenistria, 
but with tliese are found many new types of cephalopods like the arnmonoid forms 
above alluded to as occurring in the Bellerophon Limestone of tlie Tyrol {Agathi- 
ceras, Uastrloceras, Medlicottia, Popanoceras, Pronorites). About 300 species 
of fossils have been found in the group, of which a half also occur in the 
Carl)oniferous system, and only about a sixth in the Permian above.- 

The recent researches of Professor Amalitzky in the basins of the Soukhona and 
Dwina in the north of Russia have thrown much light on the Permian deposits of that 
region and their equivalents elsewhere. These formations comprise examples of marine 
and continental sedimentation ; the latter contain in their lower stages a Lepidodendroid 
flora of the type of the German Rothliegendes, while in their upper stages, consisting of 
marls and variegated sandstones, long believed to be unfossiliferous, a rich fauna of 
fresh-water mollusks and other organisms has been detected. The upper Permian 
deposits of the lower course of the Soukhona and the upper portion of the Dwina are 
capable of being grouped as under in descending order : — 


^ See for the earliest descriptions ‘Russia and Ural Mountains,’ Murchison, De Verneuil, 
and Keyserling, 4to, 2 vols. 1845. 

^ A. KrasnopoLsky, Mhn. Com. Ueol. Russ. xi. (1889), No. 1. A. Karpinsky, Verhand. 
k. Mm. Gesell. St. Petersbourg, ix. (1874), p. 267; M^m. Acad. St. Petersbourg, 1889. 
T. Tschernyschew, Verh. d. k. Min. Ges., St. Petersbourg, 1885 ; Mem. Com. Geol. Russ. iii. 
(1889), No. 4. 
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4. Marls and sandstones ( = upper Zechstein) with Sijnocladia viTgulacecii Acantho- 
Sadia, anceps, Mdmmidia dongata, Loxonema (hhsoni^ L. altcnhurgensis, and 
Turbo obtusus. 

3. G-lossopterian stage, consisting of marls and lenticular sandstones, with the 
Glossopteris llora and a remarkably varied fauna. 

2. Marls and sandstones with a Lower Permian flora {Callipteris conferta^ 
Lepidodendron, &c.). 

1. Sandstones, marls, and sands with a Lower Permian marine fauna {Geinitzella 
coliininaris, Fenesiella retiforinis,, Prod'iicivs Qancrini, Macrodon Idngianmn^ 
Nnculaua {Leda) S2‘)elu7icarm, Nucula, BeyrichU, BaJcevellia ceratophaga^ 
Schizodus rossicu&\ S. ptlamis, Streblopteria sericea^ Murcliisonict suhangulata). 

The fossils of the third or Glossopterian stage include a considerable number of fresh- 
water shells {PalsEomutela^ Oligodon, Palmctiiodontct, Carhonicola \_A'nlliracQsia\ AntliTa- 
coijiya), crustaceans of the genus Estheria and cyprids, remains of ganoid fishes, together 
with a large series of vertebrate remains, comprising stegocephaloiis amphibians, among 
which some resemble Melanc-rpeton and Pachygonia, theromorph reptiles belonging 
to Pareiasanrians and Dicynodonts, and some that resemble the Elginia and Ourdonia 
of the Elgin (Triassic) sandstones of the north of Scotland. With these animal 
remains are associated abundant relics of the Glossopteris flora, comprising the ferns 
Glossopteris {G. i}idica, G, angustifolia, G. stricta), both as impressions of fronds and as 
rhizomes ( Vertebraria), Gangamopieris onajo7\ G. egdopteroides, Tmiiiopieris, Apheno- 
pteris, CalUiitcris^ likewise species of Equisetum^ Noeggemthiopsis, and forms resembling 
the Schizoneure^A 

Asia. — The type of sedimentation found in the east and south of Europe extends into 
Asia. In the valley of the Araxes a limestone occurs containing Produdm liorridus^ 
Athyris suUilila^ and a number of the ammonoid forms above referred to ; while in 
Bokhara other limestones occur at Darwas which from their cephalopods [Prono^Htes, 
Popauoceras, &c.) probably represent the Artinsk group of Russia. The same character 
of deposits and of palaeontology is still more extensively developed in the Salt Range of 
the Punjab. In this region the ancient Paljeozoic sediments with their saliferous deposits 
are overlain by a remarkable limestone which has yielded a large assemblage of fossils. 
At the base of this deposit comes a coarse conglomerate and sandstones followed by the 
well-known Productus Limestone.'-^ The lower portions of the limestone abound in 
Fusulina Carboniferous brachiopods [Productus cora,, P. semireticulcdus^ P. lincatus, 
Athyris Eoyssii, Spirifer striatus). The cephalopods are numerous and include the 
ammonoid types [Oyclolobus, Arcestes, Medlicottia, Popauoceras, Xeiiodiscus), as' well as 
many Nautili, Orthoceratites, and Gyroceratites. The gasteropods include forms of Bel- 
lerophon, Euomphalus, Holopella, Phasiaiiella, and Pleurotomaria. Lamellibranchs are 
abundantly represented by such genera as Allormua, Schizodns, Arieula, Aviculopecten, 
and Pccteii, but also with others of a distinctly Mesozoic character, as Lina, Lucina, 
Cardiuia, Astarte, and Myophoria. Yet with these evidences of a newer facies of 
molluscan life, it is interesting to notice the extraordinary variety and abundance of 
the brachiopods, including ancient genera such as Productus (20 species), Cho^ietcs, 
Athyris, Orthis, Leptsena, and Streptorhynchus, mingled with a number of new genera 
first met with here [Hemiptychina, Notothyris, Lyttonia, Oldhmiiia, &c. ). Though the 
general aspect of this fauna is so unlike that of the Permian rocks of Central Europe, 
the appearance of a number of Zechstein species links the limestone of Northern India 
with the European tract. Among these are Camarophoria humbletonensis, Strophalosia 
excavata, 8, korrescens, Bpiriferina cristata. 


^ Amalitzky, Soc. Imp. Hat. St. Petersbourg, 1899 ; Compt. rend, cxxxii (1901), p. 691, 
and Q. J. G. S. li. (1895), p. 337. 

^ W. Waagen, Alem. Geol. Swn). India, ‘Salt Range Fossils,’ vol. i. Productus Lime- 
stone, 1879-88 ; Palmont, Indica, 1888, 1891. Diener, Mem. Geol. Snrv. India, P&vt iii., 
1S97. 
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This oceanic type of deposit, however, does not seem to extend southwards across 
the Indian peninsula. South of the line of the ITarbada Kiver a totally different series 
of sedimentary formations occurs. In that southern region, as has already been stated 
(p. 1058), the lower and middle Mesozoic marine rocks and the upper part of the Palaeozoic 
series of other countries are represented by a vast thickness of strata, chiefly sandstones 
and shales, probably almost entirely of fluviatile origin. To this great fresh -water 
accumulation the name of Godwana system has been given by the Geological Survey of 
India. The exceedingly coarse Talchir conglomerates in the lowest group of the series 
have been above noticed among the Carboniferous formations. The Talchir is succeeded 
by the Karharbari gi'oup, marked by the occurrence of seams of excellent coal and an 
abundant flora, wliich includes a number of species of Gancjmxoiiteris and Glossojpteris, 
with some cycads {Glossozamites)^ conifers {EoUzia, Albertia) and the doubtful Noeggera- 
fhiopsiti. The overlying Damuda series consists chiefly of sandstones and shales with 
ironstones, and nearly all the valuable coal-seams of the Indian peninsula, and attains 
a tliickness of 10,000 feet. It has yielded an abundant flora, in which species of 
Ulossopteris and Gangamopteris are prominent, while some rare vertebrates have likewise 
been found in it {Gomlwaoiosaurus, a labyrinthodont allied to Archegosaiirus and 
BracJiyops). This great mass of sediments is probably homotaxial with the Permian or 
Permo-Carboniferous formations of other regions. In the Salt Range the upper part 
of the Productus - beds, as above stated, is probably referable to the Permian 
system. It is overlain, without visible uncon form ability, by the Chidra group, only 
about 15 feet thick, in which the fossils are less Palaeozoic in aspect than those of the 
groups below, seeing that nearly half of them have Mesozoic affinities and only four 
species are identical with Permian species of other countries.^ The Panchet series 
which succeeds is more i^robably Triassic, while the upper subdivisions of the Gondwana 
system iiiy of Jurassic age. * — 

In north-western Afghanistan a series of coahbearing sandstones, believed to be the 
equivalents of the Gondwana system of India, terminates downwards in a group of shales 
altered into mica-schists with graphitic and anthracitic seams' and impure limestone, 
the whole invaded by granite. It is interesting to note that towards the base 
of this .series a coarse conglomerate or boulder -bed occurs, precisely similar to that 
of the Talchir group. Beneath it lies a dark limestone with casts of brachiopods. This 
series of strata was referred by Mr. Griesbach, who lirst described it, to a Permo-Carboni- 
ferous age. It pas.se.s upward into what are evidently Tiiassic rocks (postccij p. 1107).*^ 

Australia. — The remarkable coal-bearing series of the Australian colonies with its 
boulder-beds, which has been termed Permo-Carboniferous, has been described above 
(p. 1059). No satisfactory line can be drawn there between Carboniferous and Permian 
types, while on the other hand, the highest members of the series arc separated from 
the next overlying formation sometime.s, though not always, by an unconformability, 
and more especially by the abrupt change in the character of the fossil flora, which has 
been referred provisionally to the Triassic system. 

Africa. — Throughout avast extent of the centre and south of this continent, a group 
of rocks known as the Karoo series presents some of the lithological and palaeontological 
types of southern India and south-eastern Australia. It lies unfionformahly on every- 
thing older than itself, and has been separated into three groups. Of these (1) the 
lowest has already been referred to (p. 1057) as composed of the Dwyka Conglomerate, 
surmounted by the Plcca mudstones and shales. In these dark friable argillaceous beds, 
a flora has been found which presents a remarkable resemblance to that of the lower 
members of the great Gondwana series of India. Some of the species are actually 

^ Medlicott and Blanford, ‘Manual of Geology of India,’ 2iid edit, by R. D. Oldham, 

p. 128. 

® "Op-, -chaps, vii. and viii. 

^ Gimsb^cli, Records GeoL Burv. India, xix. (1886), p. 239. 
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identical in the two countries, such as Glossopteris browniana, Gangctmopieris eydopteroicleSj 
and Noeggerctthiopsis Hislopi. The middle division (2) or Beaufort group, which extends in 
nearly horizontal sheets over a vast region, consists of sandstones, shales, often carbon- 
aceous, with seams of coal and intercalated sheets of diabase. It contains a mingling of 
Carboniferous genera of plants {Sigillaria) with the characteristic Glossopteris-fiora, and 
of the latter a number of the species .are common to the Damucla rocks of India, such 
as Glossopteris browniana^ G. angustifolia^ G. communis^ G. sir.icta, G. o'ctifera, and 
G. damudica} The Beaufort beds have yielded a remarkable reptilian fauna. The 
most striking feature, indeed, in the Karoo series is the extraordinary number and 
variety of its Anomodonts, which here reach their culmination. The families of the 
Fareiasaurs, the Tapinocephalids, the Galesaurians, the Dicynodonts and the Endothio- 
donts seem to have had their chief habitat in Southern Africa. Of this interesting 
fauna the Beaufort beds have furnished a large share. It may he remarked that some 
of the species have representative forms in the meagre fauna of the Lower Gondwana 
rocks of India. 

North America. — The Permian system is represented in the United States by a series 
of strata which graduate downward into the Coal-measures and, where their top is seen, 
pass upward more or less gradually into what are believed to be representatives of the 
Trias, but which do not furnish any strongly-marked palaiontological features. They 
have accordingly been classed by many geologists as Permo-Carboniferous. In the 
great Appalachian coal-field, as well as Prince Edward Island, Nova Scotia and New 
Brunswick, the uppermost coal-bearing group (see p. 1061) is overlain conformably 
by a group of strata, upwards of 1000 feet thick, which in Pennsylvania was called 
the ‘‘Upper Barren Measures.” At its base lies a massive conglomeratic sandstone, above 
which come sandstones, shales, and limestones, with thin coals, the whole becoming very 
red towards the top. Professors W. M. Fontaine and I. C. White have shown that, 
out of 107 plants examined by them from these strata, 22 are common to the true Pennsyl- 
vanian Coal-measures and 28 to the Permian rocks of Europe; that even where the 
species are distinct they are closely allied to known Permian forms ; that the ordinary 
Coal-measure flora is but poorly represented in the “Barren Measures," while on the 
other hand, vegetable types appear of a distinctly later time, forms of Pecopieris, Callip- 
teridium^ and Saportma foreshadowing characteristic plants of the Jurassic period. These 
authors likewise point to the indications furnished by the strata themselves of important 
changes in the physical condition of the American area, and to the remarkable paucity 
of animal life in these beds, as in the red Permian rocks of Europe. Some drab- coloured 
limestones crowded with ostracods may be compared with the Spirorbis Limestones of 
Central England. The evidence seems certainly in favour of regarding the upper part 
of the Appalachian coal-fields as representing the reptiliferous beds overlying the Coal- 
measures at Autun and their equivalents.^ In Nova Scotia and the neighbouring regions 
a similar upward passage has been observed from true Coal-measures into a group of reddish 
strata containing Permian types of vegetation. 

To the west and south-west of the Appalachian region the Permian type becomes 
more develo^d, and in Kansas and Texas acquires considerable importance. In 
the former State, the, uppermost Coal-measures are overlain by a series of thin lime- 
stones, and yellowish, green and chocolate shales (Neosho formation of Prosser) having 
a united thickness of ISO feet and numerous marine fossils {Productus seinireticulcdus, 
Chonetes granulifera, Derby a emssa, Athyris subtilitab^ P$ei(domonotis Hawnif Aviculo- 
pecten occidentalism PUurophorus subcostahi^, Meekella striodo-costatam &c. ). Above 
these strata lies a middle group (Chase) of limestones and shales, with a number 
of bands of flint, the whole having a thickness of about 265 feet, and containing 

^ Feistmantel, Ahlm'iidL Bohm. ges. Wusenscli. vii. 3 (1889). 

“On the Permian or Upper Carboniferous Flora of W. Virginia and S.W. Pennsyl- 
vania,” Second Geol. Surv. Penn. Report, p.p. 1880. 
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msiny mollusks, spec.iti.s of Jidkrvdlm^ Plcicrophoriis, A viculo^iecten^ JEdmondia, 

Ih’rhijfi^ (Iin/irfrs, Spirt/cr, &c. The upper group (Marion) consists of 

about 4fH) of lhu<*Htou<‘s, au<l in the u])pcrmost] part, shales, marls, and gypsum. 
ItH fossils are, on tin* whole, similar to tliose in the groups below.^ Tlie Kansas Permian 
{'ornmtioiJH cxtoiid nortlnvards into Nebraska, where they have likewise yielded an 
abundant marine fauna.- They spread southwards into Texas, where also a threefold 
subdivision of them has been made:, the. lower group being termed Wichita, the middle 
Clear Fork, and the upper Double. iMountain. The Wichita beds contain a flora like 
that of the ‘M’ppfU’ liarreu Mcaisurea ” of West Virginia and Pennsylvania, and com - 
priH** a ijumbei' of speeies of and CdUipteridimn^ together with Callipteris 

rts /lenutstfj fknno/tteriH ohlomfu^ Sphc7iophylhom, and Walcliia. The 
marine bamf-i have yielded species of (/oiiMUUes, FtycJiites, Medlicottia, Fopanoceras, 
f hi h (!•'»’ f'nH^ Xmitilnh kv? From those strata also and the “ Clepsydrops shales” of 
Illinrds a niimh«'r of iish, stegocephalous amphibia, and rhynchoccphalous reptiles 
have* b«*en fihfained.^ 

Hpitzbergea. The Permian sea appears to have extended far within the Arctic 
**!ivle, fur above tho t 'arboniferouH rocks of Spitsbergen there occurs a group of strata 
whi'di roiitain Fennian marine forms {/^nHliiciu.% Slreptorhyrichus, Fctzia, Pscudomonotis 

ihtit'i't Hitt, Ae, 


Paht hi. Mkshzoic oh Secondary. 


'rhottg;h iH) giuilogint now uchnits tlie abrupt lines of division which 
W(*i'e ut one tiling Indi^'vtul to mark otf the limits of geological systems 
and tH boar witnoHs to tht^ gr(;at terrestrial revolutions by which these 
HVHtiUiJH were KUppoH(?<l to liavo been terminated, nevertheless the influence 
iif the. ideas whicdi gave life to these banished beliefs is by no means 
'riie tliretdold division of the stratified rocks of the terrestrial 
info rrinmry, Secondary, and Tertiary, or, as they are now called, 

! *ahi*o/.oi«% ,Mi'sozoif‘, and Hainozoic, is a relic ’of those ideas. This three- 
fob! arrangement in rtd/ained, hoNvever, not because each of these great 
periods of geologieal tinui is thought to have been separated by any marked 
gefdogieai or gi*ographi<’al episode from the period which preceded or 
Vlial wliieh folUnvcid it, but because, edassifi cation and subdivision being 
neresnary in aequisition of knowledge, this grouping of the earths 
stndified formaiitins into three great series is convenient. In our survey 
of older iiiombers of theses formations we have come to the end of 
the first Meries of foMsilibirous systems, and are about to enter upon the 
eofwideritlion of tlie Herond. But we find no indication in the rocks of 
iinv giuieral break in the continuity of the processes of sedimentation 

^ r. H. Hid!, Sn-, Anm’ird.vl (1894), p. 26 ; OeoL iii. (1895), pp 


ik:d, Sitn*. luttiMUH^ u. (189/), p. 51. 

V. <• Kmfc'iil. ,/..«/■«. Vii. (ixsist), I». :»n7. This paper uontaius a list of the 

Mf tCaiisas. Nel.nmka au-l partly of Texas, with columns showing 
the rniiK.' of til*' K-Iiera in the Ohl worhl ami the New. Sue also the paper hy 

f. It. Ki y.-t till “ AiiiiTit aii Hmiiotaxial K<iiilvalcut8 of the Original Penman,” in the same 


^ A. Whiff. .liHtv. X'l/iiirrHnt, hVliriiary 1889 ; /S. U. >?. O. S. No. 77 (1891) ; I. 0. 
Wliifn /JkW. ill. (181»2; ji. 217. 

* K. I». /’«»•. .I""'-. /'A'7. t'*"'. x''“- (1877-78), jip. 182, 1)05. 

!!. I.iiiMgrcn, JUh.mu. Sremk. Vet. Akad. Uandl. xiii. (1887) ; ilTsties JahA. 1891. 
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and of life which we have seen to he recorded among the Palaeozoic 
rocks. On the contrary, so insensibly do the Palaeozoic formations in 
many places merge into the Mesozoic, that not only can no sharp line 
be drawn between them, but it has even been proposed to embrace the 
strata at the top of the one series and the base of the other as parts of a 
single continuous system of deposits. 

Nevertheless, when we look at the Mesozoic rocks as a whole, and 
contrast them with the Palaeozoic rocks below them, certain broad 
distinctions readily present themselves. Whereas in the older series 
f mechanical sediments form the prevalent constituents, piled up in masses 
of greywacke, sandstone, conglomerate, and shale often many thousands 
of feet in thickness, in the newer series limestones play a much more 
conspicuous part. Again, while in the Palaeozoic formations a single kind 
of sediment may continue monotonously persistent for many hundreds or 
even thousands of feet of vertical depth, in the Mesozoic series, though 
thick accumulations of one kind of material, especially limestone, are 
locally developed, there is a much more general tendency towards frequent 
alternations of different kinds of sedimentary material, sandstones, shales, 
and limestones succeeding each other in rapid interchange. Another 
contrast between the two series is supplied by the very different' extent 
to which they have suffered from terrestrial disturbances. Among the 
Palaeozoic rocks it is the rule for the sti'ata to have been thrown into 
various inclined positions, to have been dislocated by faults and in 
many regions to have been crumpled, pushed over each other, and 
even metamorphosed. The exceptions to this rule are so few that they 
are always signalised as of special interest. Among the Mesozoic rocks, 
on the contrary, the original stratification-planes have usually been little 
deranged, faults are generally few and trifling, and it is for the most part 
only along the flanks or axes of great mountain -chains that extreme 
dislocation and disturbance can be observed. A further distinction is to 
1/ be found in the relation of the two series to volcanic activity. We have 
seen in the foregoing chapters that every period of Palaeozoic time has 
been marked somewhere in the Old World by volcanic eruptions, that in 
. certain regions, such as that of the British Isles, there has been an abundant 
outpouring of volcanic material again and again in successive geological 
periods within the same limited, area, and thus that masses of lava and 
tuff thousands of feet in thickness, and sometimes covering hundreds of 
square miles in extent, have been thrown out at the surface. But in the 
European area, with some trifling exceptions at the beginning, the whole 
of the Mesozoic ages appear to have been unbroken by volcanic erup- 
tions. The felsites, rhyolites, andesites, diabases, basalts, and othej? 
lavas and eruptive rocks so plentiful among the Primary formations 
are generally absent from the Secondary series. 

But perhaps the most striking, and certainly the most interesting, 
) contrast between the rocks of the older and the newer series is supplied 
in their respective organic remains. The vegetable world undergoes a 
remarkable transformation. The ancient preponderance of cryptogamic 
forms now ceases. The antique types of Sigillaria, Stigmaria, Lepido- 
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dendron, Calami tes, and their allies disappear from the land, and their 
places are taken by cycads and conifers, while eventually the earliest 
dicotyledons come as the vanguard of the rich flora of existing time. 
Nor are the changes less marked in the animal world. Such ancient and 
persistent types as the cystideans, blastoids, and trilobites had now 
. wholly vanished. The crinoids, that grew so luxuriantly over the sea- 
floor in older time, now flourished in greatly diminished numbers, while 
the sea-urchins, which had previously occupied a very subordinate position, 
took their place as the most conspicuous group of the echinoderms. The 
brachiopods, which from the remotest time had filled so prominent a place, 
now rapidly diminished in number and variety. But perhaps the most 
striking biological feature which meets us as Ave pass from the Palaeozoic 
into the Mesozoic formations is the apparently , sudden and prodigious 
development of the cephalopods. We have seen, indeed, in the foregoing 
pages that the advent of these varied types of higher molluscan life was 
already heralded by the appearance of a number of their genei'a in strata 
believed to be of Permian age. But* the extent and importance of this 
feature in the history of the invertebrates was not recognised until the open 
sea deposits of Triassic time were explored in Southern Europe and India. 
I It was then found that the Ammonoids attained their culmination in the 
) early ages of Mesozoic time. * So sudden is their expansion in variety of 
type in the Trias that we are constrained to believe that a vast interval 
of time must have elapsed, Avhich is inadequately represented either by 
sedimentary formations or by organic remains, between the known 
Permian formations and those of the pelagic Trias. The Orthpceratites 
which had played so prominent a part throughout the Palaeozoic ages 
‘ disappeared in the early part of Mesozoic time. The Goniatitoids were 
likewise waning, to be replaced by the Ceratitoids, which were the 
dominant types in the first Mesozoic period. But the characteristic forms 
through the rest of the periods were the various tribes of Ammonites. 
These, however, all died out before Tertiary time. The dibranchiate 
cephalopods now made their appearance, and in the belemnoids soon 
reached a remarkable development, only, however, to decline, until they too 
had almost died out when the Tertiary ages began. They are represented 
by only a single living genus. Another distinctive feature of the fauna 
was the variety and abundance of reptilian life. The labyrinthodont 
amphibians' w^re'refTac^ by many new reptilia, such as the Ichthyosaurs, 
Plesiosaurs, Ornithosaurs, Deinosaurs, and Crocodiles. It was in Mesozoic 
time also that the first mammals made their appearance in marsupial 
forms, which remained the highest types that were reached before the 
beginning of the Cainozoic periods. 

The Mesozoic formations have been grouped in three great divisions, 
which, though first defined in Europe, are found to have their repre- 
sentative series of rocks and fossils all over the world. The oldest of 
these is the Trias or Triassic system, followed by the Jurassic and 
Cretaceous. 
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Section i. Trias sic. 

It has been already mentioned that the great mass of red rocks, which 
in England overlies the Carboniferous system, was formerly classed as 
New Eed Sandstone, but is now divided into two systems. We have 
considered the lower of these under the name of Permian. The general 
facies of organic remains in that division is still decidedly Palaeozoic, 
though with clear indications of the coming of new types of life. Its 
brachiopods and plants connect it with the Carboniferous rocks below ; a 
number of its cephalopods link it with the Trias above. It forms the close 
of the long series of Palaeozoic formations. When, however, we enter the 
upper division of the red rocks, though the general lithological characters 
remain in most of Europe very much as in the lower group, the fossils 
bring before us the advent of the great Mesozoic flora and fauna. This 
group therefore is put at the base of the Mesozoic or Secondary series, 
though in some regions, as in England, no very satisfactory line of 
demarcation can always be drawn between Permian and Triassic rocks. 
The term Trias was suggested by P. von Alberti in 1834, from the fact 
that in Suabia, and throughout most of Germany, the group consists 
of three well-marked subdivisions.^ But the old name, New Bed Sand- 
stone, is familiarly retained by many geologists in England. The word 
Trias, like Dyas, is unfortunately chosen, for it elevates a mere local 
character into an importance which it does not deserve. The threefold 
subdivision, though so distinct in Germany, disappears elsewhere. 

§ 1. General Characters. 

As the term Trias arose in Germany, so the development of the 
Triassic rocks in that and adjoining parts of Europe was long accepted 
as the normal type of the system. There can be little doubt, however, 
that though this type is best known, and has been traced in detached 
areas over the centre and west of Europe, from Saxony and Franconia to 
the north of Ireland, and from Basle to the Germanic plain, reappearing 
even among the eastern States of North America, it must be looked upon 
as a local phenomenon. This assertion commends itself to our accept- 
ance, when we reflect upon the nature of the strata of the central 
European Triassic basins. These rocks consist for the most part of 
bright red sandstones and clays or marls, often ripple-marked, sun-cracked, 
rain-pitted, and marked with animal footprints. They contain layers, 
nodules, or veinings of gypsum, beds (and scattered casts of crystals) of 
rock-salt, and bands or massive beds of limestone, often dolomitic. Such 
an association of materials points to isolated basins of deposit — salt- 
lakes or inland seas — to which the outer sea found occasional access, and 
in which the water underwent concentration, until its gypsum and salt 

^ ‘ Beitrag zu einer Monograpliie des Bnnten Sandstehis, Muschelkalks, und Keupers 
iind die Verkindung dieser Gebilde zu einer Formation,’ Stuttgart, 1834, p. 324. Thirty 
years later the same observer published Ms ‘Ueberblick uber die Trias,’ 1864, and gave a 
synopsis of the Triassic literature of that interval. 
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were thrown down. That the intervals of diminished salinity, during 
which the sea renewed, and perhaps maintained, a connection with the 
basins, were occasionally of some duration, is shown by the thickness and 
fossiliferous nature of the limestones. 

It is evident, however, that in this, as in all other geological periods, 
the prevalent type of sedimentation must have been that of the open sea. 
The thoroughly marine or pelagic equivalents of the red rocks of the 
basins have now been traced over a far wider portion of the earth’s 
surface. In the Mediterranean basin and thence eastward through the 
Carpathian Mountains and Southern Russia into the heart of Asia and 
N’orthern India, the deposits of the open Triassic sea are well developed. 
Masses of limestone and dolomite, attaining sometimes a thickness 
of several thousand feet, are there replete with a characteristically 
marine fauna. The same fauna has been detected over a wide region of 
the north of Asia from Spitzbergen to Japan, the western regions of 
jSTorth and South America, in New Zealand, and in Southern Africa. 

The German or lagoon type of the system has been divided into 
three formations, as its name denotes ; the lower being called Bunter, the 
middle Muschelkalk, and the upper Keuper. It is evident, however, 
that this classification, being founded mainly on lithological characters, can 
only be of local application even in areas where the same type of sedimenta- 
tion prevails. A nomenclature capable of general use must be based on 
the pelagic development of the system and on the evidence of organic 
remains. The Austrian geologists, from a study of the distribution of the 
cephalopoda throughout the formations in the Mediterranean Triassic 
province and their extension into India, have proposed a division into two 
great sections, the lower consisting of two series of formations with 
distinct palaeontological zones, and the upper formed also of two 
formations and a number of zones, the whole being capped by the Rhaetic 
group or zone of Avicula contorta. This classification will be found in 
tabular form on p. 1106. 

Life. — The flora of the Triassic period appears to have been more 
closely similar to that of Jurassic than to that of Permian time, the 
Palaeozoic types, such as Oalamites, Lepidodendron, and Sicjillana,'^ now 
becoming extinct. It consisted mainly of ferns (some of them arborescent), 
equisetums, conifers, and cycads. Among the ferns, a few Carboniferous 
genera {Sphenopteris, Recopteris, CyclopteQis) still survived, together with 
Glossopteris, Tseniopteris, Caulopteris^ and other old genera, but new forms 
appeared {Anomopteris^ Acrostkhites, CladophUbis, Clathroptens, Eanmopsis, 
Lepidqyteris, Lonohopterk^ Lciccqjteris, Merianopteris, Neuropteridium {Crema- 
topteris)^ Sagenopteris, Thimifeldia). The earliest undoubted horse-tail 
reeds appear in the Carboniferous rocks, but they become common in 
this system, where they are represented by the two genera Equisetites 
and Schizoneum. The conifers are represented by Voltzia, the cypress- 
like or spruce-like twigs of which are specially characteristic organisms 
of the Trias (Fig. 415), and by Albertia, Abietites, Amucarites, Arau- 

^ Sujillaria and OlossopteHs are associated together among strata in South Africa which 
have been regarded as possibly of Triassic age, Q, /. G. liii. (1897), pp. 310-340. 
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carioxylon, Palissifn, iXe. The IJinkgoafeP* im> rejiriv^etitr*! 

hyBaiera, and in the United Staten a grann-like pliirif* han ie'eii fniifid 
(TorJeia). But the niost (liKtinetiv(*> feature in t!ie fhira nf tie* ejirlier 
Mesoy.oic ages was the great develo])meiit of ejradae«*fain %a*gei:itioii, 
The most abundant g(mus is Plerophyllttm ; others are , 

Oknophyllum, (Jymdfuyfniim/n, ([//nit/ifrs^ Xilssmhf, OhrjfmPt^^ 

Btilo'phyllum, Splifniauiiifrti, Ztifnidsfrolma, ainl Zmiiihii, S«> ty|hral are lin*^** 
plants that the Mes()Z()i(t forrnatioiiH hav(; been elassed as bi^loiiging !<» 
the ‘^Ago of CJycads/’ (sde.an‘on.s alga* {Uyrt>itt*irllH, kv.) ab«iuiid«**l in thr 
open seas of the time and contributed to tin*, growth (»f liriH-^tiuif rri'U. 



Fig. 414. Voltzia lu-n'rophylla, Ilrorjirn, 


The fauna is exceedingly scanty in the red sandy iind marly striitii 
of the central European Trias, and (•■oinpanitfveiy poor in {min% llioiigli 
often abundant in individuals, in th<^ calcareous Kontm of tim Haim* regifui. 
From the Alpine development, a nmch more varied «iiit4s of orgniiiniiis 
has been disinterred. Homo of th<i Al[>ino lirneHtones am frill of foraiiii- 
nifera (Orbulma, Glohujmna), others contain numerous eah*areoiw ipoiiges 
(Eiidea, Corynella^ BteUmperngia, Uonds iiboiiiid in iiiine 

localities in the same rocks, occasionally forming triif* reefn, They «lo 
not include any typical rugose forms, which had tlied out in UiilieuEoic 
time, but show a groat variety of perforate types AAnm^- 

morphay Spoiigiomorpha, IleptaHtylb, BlnmuttonufrphiX and of M|Kirci#4i! fonti.« 
{Montlivaltiay Stylophyllum, Imsfnm, (Marnophijllk, Tkixmmilky Biyimfip 
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All the Palaeozoic families of Echinodet’ms had now disappeared, but two 
groups of crinoids begin to attaip prominence in genera of Encrinidae 
and Pentacrinidse, some of which are plentiful among the limestones, 
particularly erinoid-stems, of which these rocks are in some cases almost 
wholly composed. One of the most characteristic fossils of the 



Fig. 415.— Triassic Fossils. 

a, Ceratites nodosus, De Haaii. ; h, E.stlieria luinuta, Goldf. (y) ; Tapes ? (Pullastra) arenicolus, Strick- 
land (nat. size and enlarged)-; d, Encriiius liliiformis, Sclilotli. (iiat. size); e, Temnocheilus (Nautilus) 
bidorsatus, Sclilotli, (^). 


Muschelkalk is the crinoid Encrinus liliifomiis (Fig. 415, d). Species of 
urchins (especially forms related to Cidaris) are common in the Alpine 
Trias. An abundant fossil in some of the upper Triassic and Ehaetic 
shales is the little phyllopod Estheria (Fig. 415, h), Ostracods^ also 
abound in some shales {Darwinula, Cytheridea). Decapod Crustacea now 
made their appearance, replacing the extinct trilobites. Long-tailed 

On the Kliaetic ostracods of Britain, T. Eupert Jones, Q. J. G. S. 1. (1894), p. 156. 
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forms, like our living shrimps and prawns, were represented (Penseus, 
uEJger, jPemphix, &c.). The Brachiopods, while showing some resemblances 
to those of Palseozoic time, present on the whole a great contrast to these 
in their comparatively diminished numbers, and in the final disappearance 
of some of the ancient genera. Thus the families of the Strophomenidae, 
Centronellid^e, and Athyridse make their last appearance, while, on the 
other hand, the Terebratulidse, Bhynchonellidse, and Koninckinidse attain 
a great development. 

While the brachiopods were waning the Lamellibranchs were taking a 
more prominent place in the molluscan fauna, and in the Triassic seas they 
had already established the predominance which they have maintained 
down to the present day. Some of the older genera now died out, such 
as Solenopsis and' Allorisma, while a large number of new forms made 
their appearance. Among these new-comers were Limopsis, true Unios, 
Dimya, the Pholadomyacidae, Pleuromyacidse, Astartidae, Lucinacese, 
Cardiidse, and Corbulidaj. One of the most distinctively Triassic genera 
is Myophorm, of which there is a great abundance and variety of species. 
Other common genera are Peden {Pleuronedites\ Halobia {Daonella), 
Trigonodm^ P achy car dia^ Monotis, Gervillia {Hocrnesia)^ Anoplophora, Avicula, 
Carclium (Protocctrdia), Cardita, Megalochis, Nucula, Cassianella {Tapes ? 
Fig. 415, c). Among numerous Gasteropods we find that the families 
of the Xeritidse, Eulimidae, Naticidae, Turritellidae, Nerineidse, and 
Cerithiidae now take their rise. The Nautiloidea were manifestly waning 
in importance, while the Ammonoidea reached the striking development 
above referred to. In no respect is the contrast between the palaeonto- 
logical poverty of the German, and the richness of the Alpine Trias so 
marked as in the development of cephalopods in the respective regions. 
In the former area the Nautiloidea are represented by a few species of 
Temiiocheilus (Nautilus) (T. bidorsatus, Fig. 415, e), the Ammonites by 
species of Ceratites (C.nodosus, Fig. 415, a; C, semipartitus). In the Alpine 
limestones, however, there occurs a profusion of cephalopod forms, among 
which a remarkable commingling of Palaeozoic and Mesozoic types is 
noticeable. The genus Orthoceras, so typical of the Palaeozoic rocks, has 
never yet been met with in the German Triassic areas ; but it appears in 
the Alpine Trias in species which do not differ much from those of the 
older formations. Associated with it are some new Nautiloid forms 
(Clymenonautilus, Clydonautilus, Pleuronautilus). It is especially interesting, 
amid these examples of the persistence of primeval forms, to notice the 
advent of the earliest precursors of types which played a conspicuous part 
in the animal life of later periods. Thus among the dibranchiate 
cei)halopods, the family of the Belemnites, which appeared so prominently 
among the denizens of the Mesozoic seas, had its earliest known forms in 
the open Triassic waters of the Alpine region (Aulacoceras, Atradites). 
Though the earliest Ammonites had appeared long before, it was not 
until Triassic time that this great order assumed the importance which it 
maintained all through the Mesozoic ages. So long as only the German 
type of the Trias had been studied, this early development was not 
known. But we have now learnt that the Ammonoidea really attained 
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their culmination in Triassic time, more than 1000 Triassic species 
having been descril^ed. In the open seas which then spread over Southern 
Europe and extended into Asia, into America, and even into the Arctic 
regions, there Nourished an altogether extraordinary profusion and variety 
of cephalopod life, as may be gathered from the following list of some of 
the generic types — JYmmites, Otoceras, Ilalorites, Trojpites, FharcicemSj 
Sagecems, Hedeiistroe'mia, Lecanites, JBadiolites, Flemingites, Meekoceras, 
Frionifes, FtychiteSj jEgocems, Hungarites, Celtites, Sibirites, Danubites, 
Tirolites, JJinarites,, Buchifes, Aijxiclites^ Trachyceras, Tibetites, Finacoceras, 
Chmistocems, Filuibclocems, Cochloceras, Norites, Lobites, Fopanoceras, Arcestes, 
Didymites, Cladiscites, Megaphyllites, lihacophyllites. 

The fishes of the Triassic period include teeth and spines of selachians 
(Hyhodus, Acrodus), scales, teeth, or exoskeletons of ganoids (Gyrolepis, 
Dapedius, Dictyopyge, S>omionotus, LepidoUis, Neplirohis, Saurichthys, Eu- 
grufthus) and teeth of the dipnoan genus Ceratodus. 

One of the distinctive palaeontological features of the Trias is the re- 
markable assemblage of amphibian and reptilian remains found in it. The 
ancient order of Stegocephalia (Labyrinthodonts) still flourished; numerous 
prints of their feet have been observed on surfaces of sandstone beds 
{Chelrotheriimi or Cheirosaurm), and the bones of some of them have been 
found {Lahyrintkodon, Tremiitosaurus, Mastodonsaurus, Capitosaunis, Metoyoias, 
Diadetognuthm, &c.). The Eeptilian class was well represented. Anomo- 
donts were especially abundant and varied in form — lAreiasaicrus, 
Tapinoceyhalus, Titanosur.hns, Galesanncs, Cynosiichus, iJicynodon, Ouden- 
odon, Endothiodon, FrocoluphoiL Of the rhynchocephalous types which 
first appeared in Permian time, and are almost extinct at the present day, 
bones and even nearly entire skeletons have been discovered in the Trias, 
the most important genera being Hgiperodcvpedon, Fhynrhosaiinis, and 
Ttderpdon, The earliest deinosaurs yet certainly known occur in this 
system {Thewdonlosa.urm, Zandodori YBeratosaurus, Flateosaums\ Falmmmnis, 
Cladyodon, Ar/imoscmnis, Anchismrus, Ac.).^ These long-extinct types of 
reptilian life presented characters in some measure intermediate between 
those of the ostriches* and true reptiles, and their size and unwieldiness 
gave them a resemldance to the elephants and rhinoceroses of modern 
times. They appear to have walked mainly on their strong hind legs, 
the prints of their hind feet occurring in great abundance among the red 
sandstones of Connecticut (Fig. 211). Many of them had three bird-like 
toes, and left footprints quite like those of birds. Others had four or 
even five toes, and attained an enormous size, for a single footprint 
sometimes measures twenty inches in length. 

The ichthyosaurs and plesiosaurs, which played so foremost a part 
in the reptilian life of Mesozoic time, had their Triassic forerunners 
{Mimsaunf.s, Notlwsanrus, Simosawnis, FachypUnm ~ Neusticosemrus). Of 
higher grade were the earliest types of crocodiles, the remains of which 

' Sec on iluinosaurs of tlio Trias, Huxley, Q. J. G. K xxvi. 32. Marsh, Avier. Jouni. 
Sci. xxxvii.(188!)), I). 331 ; xlii. (1891), p. 267 ; xliii. (1892), p. 542 ; xlv. (1893), p. 169 ; 
1 (1896), p. 491 ; Gad. Mai/. (1893), p. 150 ; (1896), p. 388 ; (1897), p. 38 ; (1898), p. 
6 ; (1899), p. 157 ; 16tli Atm. Jtq). U.K G. & (1896), pp. 143-244. 
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have been detected in Triassic rocks. They belong to an extremely 
generalised type, and appear to have been widely distributed. Stagonolepis 
and Erpetosuchus occur among the other reptilian remains at Elgin, while 
Belodon (Fhytosaums) has been obtained in Germany, India, and North 
America. 

It may be remarked here, with reference to the occurrence of reptilian 
remains, that though they may be rare throughout a system, they are 
not infrequently met with in considerable numbers at some particular part 
of a deposit. Thus in Britain, a specially prolific locality for them has 
been the district of Elgin in the north of Scotland, formerly believed to 
be Upper Old Bed Sandstone. This rock contains the remains chiefly in 
the form of empty casts. Besides the small lizard, Telerpeton, described 
by Man tell in 1852, as well as the larger possibly allied form Hypero- 
dapedoUj the sandstone has yielded a number of new forms of anomodonts 
which present a curious resemblance to those found in the South African 
Karoo beds. These skulls and skeletons have been skilfully worked out 
and described by Mr. E. T. Newton of the Geological Survey.- One of 
them, Gordonia, was nearly allied to Dkynodon (Owen), Geikia was closely 
related to FtychognatJmSj while Elginia was a remarkable many-horned 
animal distinctly allied to Fareiasaums (Owen). The same sandstones 
have yielded the crocodiles Stagonolepis, Erpetosuchus^ and Ornithosuchus. 
Again, a slab of the Stubensandstein’’ near Stuttgart was obtained in 
the year 1877 on which lay twenty-four individuals of another crocodile, 
Aetosaurus/'^ But perhaps the most remarkable assemblage of Triassic 
vertebrates has been obtained from the Karoo formation of South Africa. 
These remains include Labyrinthodonts (Micropholis, Petroplmjne)^ Anomo- 
donts {Tapinocephalus, Pareiasaurus, AntJiodon), Bhynchocephalia (Sauro- 
sternon), and a large number of genera belonging to a remarkable 
carnivorous order, the Theriodonts, distinguished by having three sets 
of teeth, like those of carnivorous mammals {Lycosaurus, TigrisucMis, 
Oynodjfaco, &c.). There were likewise examples of Dicynodonts, char- 
acterised by having no teeth, or by a single tusk-like pair, the jaws 
being probably prolonged into a horny beak. The limbs of these 
creatures were well developed, and the animals probably walked on the 
land {Dicymdon, Oudenodon, &c.).^ 

It has been supposed that evidence of the existence of Triassic birds 
is furnished by the three-toed footprints above referred to. But prob- 
ably these are mostly, if not entirely, the tracks of deinosaurs, the 

^ On the Crocodilian remains of the Elgin Sandstone see Huxley, Q. J. G. S. 1859 ; Mem. 
GeoL Surp. Monograph iii. 1877; and E. T. Newton’s Memoirs, Phil. Trans, vols. clxxxiv. and 
clxxxv. (1893-94). A new form from the Elgin Sandstone, named hy E. T. Newton 
Ornithos^ichus^ is regarded by him as probably deinosaurian {Phil. Trans, clxxxv. (1894), 
B. p. 601. 

In the memoirs cited in the foregoing note. 

^ 0- Eraas, Jakrb. Ver. Nat. Wurtemherg , xxxiii. (1877). It may be remarked also 
that the recent discovery by Professor Amalitzky of abundant Permian reptiles (p. 1069) 
was made from lenticles of sandstone in what had been supposed to be unfossiliferoiis strata. 

^ Owen’s ‘ Catalogue of Fossil Reptilia of South Africa,’ Brit. Museum, 1876. 
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absence of t^wo pairs of prints in each track being accounted for by the 
bird-like habit of the aninaals in the use of their hind feet in walking. 
One of the most noteworthy* facts in the palaeontology of the Trias is the 
occurrence in this system of the first relics of mammalian life, in what 
are believed to be detached teeth and lower jaw-bones. These have 
been referred to small Prototheria which present some resemblance to 
the MyrmecohiuSj or Banded Ant-eater of New South AVales.. The 
European genus is Microlestes. In the Trias of North Carolina a supposed 
marsupial has been described under the name of Dromatherium. It is 
possible, however, that some of these organisms may be reptilian. 


§ 2. Local Development. 

Britain.^ — Triassic rocks occupy a large area of the low plains in the centre of 
England, ranging thence northwards along the flanks of the Carhoniferous tracts to 
Lancaster Bay, and southwards by the head of the Bristol Channel to tlie south-east of 
Devonshire. They have been arranged in the following subdivisions : — 

'Peiiarth beds. — Red, green, and grey marls, black shales, and “ White 
Lias ” (20 feet or less up to 150 feet). 

"Upper Keuper or New Bed Marl. — Bed and grey shales and marls, 
with beds of rock-salt and gypsum (800 to 3000 feet). 

Lower Keuper Sandstone. — Thinly laminated micaceous sandstones 
and marls (Waterstones), passing downwards into white, brown, 
or reddish sandstones, with a base of conglomerate or breccia (150 
^ to 250 feet). 

'Upper Mottled Sandstone. — Soft bright red and variegated sandstones, 
without pebbles (200 to 700 feet). 

Pebble- beds. — Harder reddish-brown sandstones with qiiartzose 
pebbles, passing into conglomerate ; with a base of calcareous 
brecda (60 to more than lOOO feet). 

Lower Mottled Sandstone. — Soft bright red and variegated sandstone, 
without i)ebhles (80 to 650 feet). 

Like the Permian red rocks below, the sandstones and marls of the Triassic series 
are almost barren of organic remains. E.xtraordinary differences in the development of 
their several members occur, even within the limited area of England, as may he seen 
from the subjoined table, which shows the variations in thickness from north- w^est to 
south-east ; — 


Bhsetic.^ 


Upper Trias 
or Keuper. 


Lower Trias 
(or Buuter 
(1000 to 
2000 feet). 


1 See P. B. Brodie, Trans. Ueul. Soe. London, v. (1842), p. 331 ; Q. J. G. S. xii. (1856), 
p. 374; xliii. p. 540 ; xlix. (1893), p. 171 : 1. (1894), p. 170. E. Hull, “Permian and 
Triassic Rocks of England,” Geological ^aruey Memoirs, . H. B. Woodward, Geol. 
Mag. 1874, p. 385 ; “Geology of East Somerset and Bristol Coal-fields,” Mem. Geol. ^Survey, 
1876. Usslier, Q. J. G. /S', xxxii. p. 367 ; xxxiv. iJ. 459 ; Geol. Mag. 1875, p. 163 ; Proc. 
A^omerset. Arch. Nat. Hist. Soc. xxxv. (1889). Etheridge, Q. J. G. S. xxvi. p. 174. A. Irving, 
Geol. Mag. 1874, p. 314 ; 1887, p. 309 ; Q. R G. S. 1888, p. 149. W. T. Aveline, 
op. cit. 1877, p. 380. J. G. Goodcliild, Trans. Gimiherl. Westmorel. xissuc. xvii. (1891-92). 
E. Wilson, q. J. G. S. xliv. (1880), p. 761. T. Tate, op. cit. xlviii. (1892), p. 488. 

^ The term “ Rluetic ” is derived from the Rhaetian Alps, where the rocks so named are 
well developed. “ Banter” and “ Keuper ” are terms borrowed from Germany, the first was 
taken by Werner from the variegated (German, bant) colours of the strata, the second is a 
local miner’s term. 
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• 

Laiicasliire 
and W. 
Cheshire. 

Staffordshire. 

Leicestershire 
and Warwick- 
shire. 

. 

/Red marl . . 

^ ‘ \ Lower Keuper sandstone . 

( Upper mottled sandstone . 

Bunter. -j Pebble-beds . ... 

f Lower mottled sandstone . 

Feet. 

3000 

450 

500 

500-760 ■ 
200-500 

Feet. 

800 
200 
. 50-200 
100-300 
- ■ 0-100 

Feet. 

700 

150 

absent 

0-100 

absent 


Hence we observe that, while towards the north-west the Triassic rocks attain a 
maximum depth of 5200 feet, they rapidly come down to a fifth or sixth of that thick- 
ness as they pass towards the south-east. South-westwards, however, they swell out in 
Devon and Somerset to x)i’obably not less than 2500 or 3000 feet^ Recent borings in 
the south-eastern counties show the Trias to be there generally absent.- The main 
source of supply of the sediment which formed the material of the Triassic deposits 
probably lay towards the north or north-west. The pebble-beds, besides local materials, 
contain abundant rolled pebbles of quartz, which have evidently been derived from some 
previous conglomerate, probably from some of the Old Red Sandstone masses now 
removed or concealed. The Trias rests with a more or less decided unconformability on 
the rocks underneath it, so that, although the general physical conditions as regards 
climate, geography, and sedimentation, which prevailed in the Permian period, still con- 
tinued/ terrestrial movements had, in the meanwhile, taken place, whereby the Permian 
sediments were generally upraised and exposed to denudation. Hence the Trias rests 
now on Permian, now on Carboniferous, and sometimes even on Cambrian or Pre- 
Cambrian rocks. Moreover, the upper parts of the Triassic series overlap the lower, so 
that the Keuper groups repiose successively on Permian and older rocks. 

The Bunter series is singularly devoid of organic remains. The rolled fragments in 
the pebble -beds have yielded fossils at Budleigh Salterton, on the southern coast of 
Devonshire (where a fine coast-section of the Triassic series is displayed), proving that 
Silurian and Devonian rocks were exposed within the area from which the materials of 
these strata were derived. The x^eculiar quartzites of the Budleigh Salterton pebbles 
do not seem to have come from any British rocks now visible, but father to have been 
derived from the north-west of France.^ The pebbles in the Bunter conglomerates of 
the Midlands likewise indicate derivation from some source which has not yet been 
satisfactorily traced in the British Islands. A marked characteristic of the Bunter 
series in Central England is its capacity for holding water, whence it is an important 
source of water-supply. 

At the base of the Keuper series, in the region of the Mendip Hills, a remarkable 
littoral breccia or conglomerate occurs. Over Carboniferous Limestone it consists mainly 
of limestone, and is precisely like “hrockram” (p. 1070), but in the slaty tracts of 
Devonshire, the fragments are of slate, porphyry, granite, &c. Its matrix being some- 


^ XJssher, Q. J. Geol. Soc. xxxii. 392. 

- Red strata in the deep boring at Richmond are believed by Professor Judd to be 
Triassic. Mr. Whitaker regards as Trias similar rocks found under Kentish Town and 
Crossness near London. 

2 For an account of their included fossils see Davidson, Pcdieontogra]}h. ^Soc. 1881, The 
nature and origin of the pebbles in the Bunter series of the centre of England have been 
repeatedly discussed by Professor Bonney. ' See especially his last paper in Q. J. (r. S. Ivi. 
(1900), p. 287. 
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times doloinitic, it has been called the Dolomitic Conglomerate ; but it occasionally 
passes into a magnesian limestone. It represents the shore deposits of the Trias salt- 
lake or inland sea, and, as it lies on many successive horisjons, we see that the con- 
ditions for its formation persisted during the subsidence by which tire Mendips and 
other land of this region were gradually depressed and obliterated under the red sand- 
stones and marls (see Figs. 213, 225).^ The Dolomitic conglomerate averages 20 feet 
in thickness, but here and there rises into cliffs 40 or 50 feet high. It has yielded 
two genera of deinosaurs [Pttlmoscmrus, Thccodontosaurus).^ Some geologists have 
regarded this band of rock as an English representative of the German Muschelkalk. 
But the manner in which it ascends along what was the margin of the Triassic land 
shows it to be a local base occupying successive horizons in the red rocks. There is no 
equivalent of the Muschelkalk in Britain, unless the middle division of the Devonshire 
Trias can be so regarded.^ 

The lower Keiiper group is composed of red and white sandstones with occasional 
lenticular bands of coarser material, and, like the corresponding strata in the Bunter 
group, is generally unfossiliferous, but has furnished many amphibian footprints. The 
surfaces of the sandstone-beds are likewise impressed with rain-drops and are marked 
with desiccation-cracks and ripple-marks, suggestive of flat shores exposed to the air. 

In the upper Keuper group the sediments were generally muddy, and now appear as 
red and variegated marls, with occasional partings of sandstone or bands of dolomite or 
of gypsum. Among these strata are beds of rock-salt, varying from a few inches to more 
than 100 feet in thickness. The marly character of the upper Keuper is a distinguishing 
feature of the group from the south of Scotland to the south of Devonshire, and from 
Antrim to the east of Yorkshire. Throughout this wide area cubical casts of salt 
(chloride of sodium) are not infrequent, though this substance is only workable at a 
few places (Antrim, Cheshire, Middlesbrough).'^ The salt is chiefly obtained by dis- 
solving the material underground and pumping up the brine, very little being now 
tictually mined. The rock-salt as it occurs intercalcated in the marls is a ciystalline 
substance, usually tinged yellow or red from intermixture of clay and peroxide of iron, 
but is tolerably pure in the best parts of the beds, where the proportion of chloride of 
sodium is as much as 98 per cent. Through the bright red marls with which the salt 
is interstratitied there run thin seams of rock-salt, also bands of gypsum, somewhat 
irregular in their mode of occurrence, occasionally reaching a thickness of 40 feet and 
upwards. 

The paucity of organic remains in the English Keuper indicates that the conditions 
for at least animal life must have been extremely unfavoiirable in the waters of the 
ancient Dead Sea wherein these red rocks were accumulated. The land possessed a 
vegetation which, from the fragments yet known, seems to have consisted in large 
measure of cypress-like coniferous trees {VoUzia, lValchia\ with calamites on tlie lower 
more marshy grounds. The red marl gr*oup contains in some of its layers numerous 
valves of the little crustacean Estheria mimita, and a solitary species of lamellibranch. 
Tapes? {Pullastra) arenicolas. The green gritty marls of Warwickshire have yielded 
three species of probably marine shells {Thrada? Pholadomya? Nicmla?), too imper- 
fectly preserved for satisfactory determination.® A number of teeth, spines, and some- 
times entire skeletons of flsh have been obtained {Dipteronotus ci/pJms, Dictyop)yge 
{D. swperstes), Aeroclus lccuperi%us, A. miniums, &c.). The bones, and still more 

^ De la Beche, Me/m. Geol. Survey, i. p. 240. H. B. Woodward, “Geology of East 
Somerset and Bristol Coal-Fields,” Mem. Geol. Survey, 1876, p. 53. 

^ Etheridge, Q,. J. U. S. xxvi. p. 174. 

^ Usslier, op. cit. xxxiv. p. -466. 

^ T. Hugh Bell on salt deposits of Middlesbrough, Proc. Cleveland Inst. Engin. Session 
1882-83 ; and the papers by Mr. Wilson and Mr. Tate cited on p. 1091. 

® R. B. Newton, Joiirn. CJonchology, vii. (1894), p. 408. 
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frequently the footprints, of labyrinthodont and even of saurian reptiles occur in the 
Keuper "beds — Lahy7'inthodQ7i[^ species), Q.adyodon Lloydii, Hyper oda.j}e don, Palmoscmu'us, 
J^anclodon (Temtosaurus), Thecodontosa'iiriis, MhyiicJiosaurus, and footprints of OheL-'o- 
theriuin. The remains of Microlestes ha^Ye likewise been discovered in the highest beds 
sometimes taken as the base of the Ehatic series. 

At the top of the keuper marl certain thin -bedded strata form a gradation upwards 
into the base of the Jurassic system. As their colours are grey, blue, and black, and 
contrast with the red and green marls below, they w'ere formerly classed without 
hesitation in the Jurassic series. Egerton, however, showed that, from the character 
of the Jfish remains found in the “bone-bed” of the black shales, they had more 
palfcontological affinity with the Trias than with the Lias, Subsequent researeb, 
particularly among the Ehaetian Alps and elsewhere on the Continent, brouglit to light 
a great series of strata of intermediate characters between the previously recognised Trias 
and Lias. These results led to renewed examination of the so-called beds of passage in 
England (Penartli beds),^ which w^ere found to he truly representative of the massive 
formations of the Tyrolese and Swiss Alps. They are therefore now known as Rhictic 
(sometimes as Infra- Lias). In England this subdivision is usually cla.ssecl as the 
uppermost member of the Trias, but by some continental geologists it is placed as the 
base of the Lias, It offers evidence of the gradual a})proacli of the physical geography 
and characteristic fauna and flora of the Jurassic period. 

The Pvhsetic (Penarth) beds occur as a continuous though thin band at tlie top of the 
Trias, throughout the British area. They extend from the coast of Yoxksh ire across 
England to Lymo Pegis on the Dorsetshire shores.- They occur in scattered patches up 
the west of England, and on both sides of the Bristol Channel, and they have beeji 
detected in the west and north of Scotland (p. 1137). Their thickness, on the average, 
is probably not more than fifty feet, though it rarely increases to 150 feet. In the south- 
west of England, they consist of the following subdivisions in descending order : — 

White Lias — composed of an upper bard limestone (Sun-bed or Jew-stone, 6 to 18 
inches) with Modiola riinima and. Ostrea, liassicco ; and a lower group of pale 
limestones (10 to 20 feet) with the same fossils and Protocm'dia {OctnUwn) 
philUpiancc ( C. rJweticuon), Pseudomoriotis fctllax. The Cothani Stone or Land- 
scape Marble (4 to 8 inches) is a hard compact limestone, with dendritic 
markings, lying at the base of these calcareous strata. At Aust it has yielded 
elytra of Coleoptera, wing.s of insects, and scales and perfect specimens of the 
fishes Legnonoius eoihmnensis, Pholidophorus Higginsi. 

Black paper- sliale.s (10 to 15 feet), finely laminated and pyritous, with selenite and 
fibrous calcite (‘' beef ”) and one or more seams of lerrngmous and micaceous 
sandstone (bone-bed) containing remains of fisli and saurians.*^ Some of tbe shales 
yield Avicula contorta, JProtocardia [Cardinm) pliillipiana (0. rhi'eticum), Pecten 
mlomensis ( =A-vicuIa contorta zone). 

^ So named from theii being well developed in the clifis of Penarth on the Glamorgan- 
shire coast. Bristo^Y, Brit. Assoc. 1864, sects, p. 50 ; Oeol. Surv. Vertical ^ectw 7 is, sheets 
47, 48. 

^ Strickland, Free. Ueol. Soc. iii. Part ii. p. 585. H. W'. Bristow, Geol. Mag. i. (1864), 
p. 236. T. Wright, (). J. G. S. xvi. p. 374. G. Moore, oj). cit. xvi. p. 483 ; xxiii. p. 459 ; 
xxxvii. pp. 67, 459, W. B. Dawkins, xx. p. 396. E. B. Tawmey, xxii. p. 69. P. B. Brodie, 
p. 93. F. M. Burton, xxiii. p. 315. W. J. Harrison, xxxii. p. 212. P. M. Duncan, xxiii. p. 
12. J. W. Davis, xxxvii. p. 414. E. Wilson, xxxviii. p. 451. H. B. Woodward, “Geology 
of E. Somerset and Bristol Coal-fields,” Mein. Geol Survey, p. 69 ; Froc. Geol. Assoc, r. 
(1888). 

2 These remains have likewise been found in vast numbers filling fissures in the Carbon- 
iferous Limestone which must have communicated with the surface in Rhsetic time. One of 
these fissures iu the Mendip Hills yielded twenty -niue teeth of Microlesies, nine species of 
reptiles, and fifteen of fishes, and as many as 70,000 teeth of Acrodus. Chas. Moore, Q. J. 
G. S. xxiii. p. 487. 



SECT, i § 2 


TRIAmG SYSTEM 


xa05 


Green and grey Marls (20 to 30 feet), with alabaster, celestine, and sometimes 
pseudomorpbs of rock-salt ; generally unfossiliferous, but yielding Microlestes. 
These Marls form properly the top of the Keuper, tlie bone-bed above serving as 
a convenient base for the Rhaetic beds. 

A bone -bed similar to that in the foregoing section reappears on the same horizon in 
Hanover, Brunswick, and Franconia. Among the reptilian fossils are some precursors 
of the great forms which distinguished the Jurassic period {Ichthyosaurus and Plesio- 
saurus). The fishes include Acrodus minimus, Geratodus latissimm (and five other 
species), Ilyhodus minor, Neniacanthus monilifer, &c. Some of the lamellibranchs 
(Fig. 416) are especially characteristic; such are Protocardia {Cardium) ;philli^iana 
{0. rhseticum), Aricula coiitoria, Pecteu valoniensis, and 'I ayes? {Pullastra) arenicola 
(Fig. 415). 



Fig. 410. — Rlisetlc Fossils. 

«, Protocardia phillipiana (Cardium rliwticiiin, Merian.) ; h, Avicula contorta, Portloek ; 
c, Pecten valoniensis, Befrance. 


Central Europe. — The lagoon type of the Triassic system, stretching from England by 
Heligoland (where it is well developed)^ into Germany, is one of the most compactly 
distributed geological formations of Europe. Its main area extends as a great basin 
from Basel down to the plains of Hanover, traversed along its centre by the course of 
the Rhine, and stretching from the flanks of the old high grounds of Saxony and 
Bohemia on the east across the Vosges Mountains into France, and across the Moselle 
to the flanks of the Ardennes. This must have been a great inland sea, out of which 
the Harz Mountains, and the high grounds of the Eifel, Hunsdriick, and Taunus 
probably rose as islands. To the westward of it, the Paheozoic area of the north of 
France and Belgium had been raised up into land.- Along the margin of this land, 
red conglomerates, sandstone, and clays were deposited, which now api)ear here and 
there reposing unconformably on the older formations. Traces of what were probably 
other basins occur eastward in the Carpathian district, in the west and south-east of 
France, and over the eastern half of the Spanish peninsula. But the>se areas have been 


^ W. Dames, Sitzb. Akad. Berlin, 7th Dec. 1893. 

- This land, according to MM. Cornet and Briart, rose into peaks 16,000 to 20,000 feet 
high! {Ann. Soc. Geol. Eord, iv.). 
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considerably obscured, sonieimies 1)y disbjcatbui and deimdation, ^ | 

overlap of more recent accuiniilationH. In tlie rt'i^iun between Masneiliei .ii. i . 
Triassic rocks cov'cr a considerable area, dhey contain feeble repre?«« ri!<ii e - * 4 > 
Gres higarrS or Banter beds, and of the. Manirs irian's or Kenper divi^deii, m pai.jt* i I 
a calcareous zone believed to be the (Mpiivalinit of the Musehelkalk of f n'nii«i!i'*> > 1 

higliest platform, the Kinetic or Infra-Lias^ eoiitaiuH a .shell bed abMiindniif in I • * ■ 
contorta, and is traceable throughout Ih-oveiutc.’ 

In the great German Triassic basin ^ the di-posits are us shown in lh»* %uhf>iUr4 
table : — 

M fKlnetic (Rliiit, Infra- Lias).- Grey sandy clays ami lim-’Kiairnd H.ind.i-nr . 

® I containing Eqidsetim., Asplrnitrs, and 4-ycjuls pi> y>q>h gd p 

■-§§§'- sometirneH forming thin .seain.s of coal /VoZi/r/ov/b? (( /a 

lipiana [0. rhniiruni), Arirnla rontorta^ I'Mnin iHuiu.ht, , 

Trematosanni-s^ lielotfon, ami M 'n'mlpHtrs tintufiinHl 

f'lveuperinergel, Gypskeuper. -Briglit red, green and imdflrd nnsils cm 

underlying set of Iteds of gypsum and nH-k-salt. In nifii* pla*** * wi.rtr 
sandstones appear, they contain numerous plants {EgnH.ehuH > 

Pterophyllavii <fec.), and lal)yriijtliodont and fi.*^}! r«-mai}r«i ^ Idoii |m 
feet). 

Lettenkohle, Ko]ilcnkeu}>er.*'' Grey sandshmcM and liark niarh^ and clay >, wiili 
abundant plants, sometime.s forming thin .m-ariis of an earthy hardly 
^ abhs coal (Lettenlcolile), about ^JIO ic<*t. 'riu- plants include, b«'?*ide 

above mentioned, the conifcTs Artniritrio.t’ifhut thnruigU nm^ WPpjn , 

^ phylla^ Wuldrlnf/tnnitrs krajtrriann.s, Tn n'mptt tin pifhiht^ -- 

lo7ifjifoUain<, kr.. A few sliells huvn- been obtaim-d from this 
especially from a baud of doloinibt at its upper liitul ■ Luignltt, .< 

^ Hebert, 8uc. (ieul. I'ranrc (2*^ Silr.) xix. p. IPO. Iheulafait, Jee, Sn, urA, j, 
p. 337. 

^ E. Nunes Jahfh. ISfiO, p. 215 ; Z. I>. (*. <1 xxi. GHtdb, p. 857. W. Guinls b 

‘ Geogiiostische Besehreibung des K/inign-iehs Bayenu’ iii, ehap. \v. F, Borfiot. 

‘Geologie von Ol)erschlesien,’ 1870, p. 122. K, W. fh-m-eke, ‘ (^her die 'rrniH sn Id ta-vs 
Lothringen luid Luxemburg,’ Ahh. GVo/. EprrialhiHr Kisitss-fjyh, i. Part sv. 

G. Meyer, Mitth, Com. Geol, Kls.-Lulh. h Parti. (IMHOj. H. Burking and K. Hihuioa^lor, 
op. cit. ii. Part ii. (1889). K. W. Benecke and L. van Werver-ke, up, pii. iii, Part I. I 
A. Steuer, op. cit. iv. (1896) ; ami papers by K. R H<-hniid, M. Bauer, W. I'r iiP/rn, 
J. G. Borneinann, A. von Koemm, H. larndz, U. Grebe, H. Pivcu-hohit am! G. ,M db r if« 
the volumes of the Jahrbiich of the Prussiau (feologicuil Survey, ftetailed lueaHUred ?.*** ! 
of the Muschelkalk and Lettenkohle in Franconia are given hy F. v. Handbcrger, IVM, 

Aled, Ges. Wilrzfmrg, xxvi. (1892) No 7. H. Ihissarge, ‘ Dns Both ini ostUelierj Tliiiriiiiih'ii/ 
Jena, 1891. E. A. Wiilftng, Jahreshr/t Vorem. VairtiantL Satnd'i/ml IVtififHiLrrip h-i, 
(1900), pp. 1-46. 

^ The Avicula contorta zone (see Dr. A. von Ditmarr, ‘Die ( Vmtoi1a-X«ned .lliiiurli, 
1864) ranges from the Carpathians to the north of Ireland am! fr un Sweden to t in* hilbi 
Lombardy. «In northern and western Europe, it forms part of a thin htloni! or 
water jfoiTuatioii, which over the region of the A1 j>h expamls into a iniisHivi^ eaIeare<'Ui 5 s scfn'it, 
Idiat accumulated in a deeper and clearer sea. It is well <ieveloped alw> in northern 
S^^toppani, ‘Geologic et Paleoutologie des OoucUes a Avie.tila (Contorta m Lo«il#i«4iey 
Milan, 1881. 

^ ■■ It is deserving of notice that while in the pelagic or Alpine fm-ies of the Kiir«|ii*iiti 
!Ekias fish-remains are on the whole scarce, and only occur in nuudHsrs at a few places, i|i«*y 
are widely distributed and tolerably abundant throughout the Gcrnian 'FriaH. .Hre <i 
Jaekel, Abhand. Geol. EpeciaZkarL Mham-JMlhr. iii. Heft iv. (1889;. 

. . ® On the lithological subdivisiorm of the Muschelkalk and UjUenkohlc grutij*^* w 
■Prohor Sandberger’s pap® above cited. The Lower Kenper fif Rmfcrn Thutitmim m 
oles(gibed by p, % Schmid, Ab/uandl. Prems. Geol. /Mndmtnst. I. Ib*ft 11. 
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’ * • , 1/. A //irr/irsiir soriid/.^, 

>M3iir Ml ils,. aiah' . ur»* t*ro\v«liMl witli stnall pliyllopod 
. .f , Hciiuiins «if fish [AcrtHlus^ 

- ■ Mi»l »4 fla* Mif >tt»itniMiiiru.s Jn (jrri !in<l A'nfhosHif.n/s 

. - 'i fs a*, *ir fi\i( ill tlj(‘ 

H -. . h* llalk . divj ill 'riiuriu^ia into two i^roups, 

‘ ' rr}i».'hit«>iikalli ) jukI ail upper ji^roup of’ 

.! a. i j 1 S’ ? r*i3 i I'.ii ! iie,/ kitowii US ilia NodoHUH group 
" * ' ‘ ' wMO lt> *1(10 feet). Ill Houie regions 

S ' S i if iH III uau' i^Tnup 4t| ilohuniteh and limestoiu'H, 6 feet; 

^u-'Up liMin till, prevaleiiee in it of Trhuuhxlns 
! :.r \J ij . Melkad, j. I ly I.'tr the most almndiintly fossil- 

j na i. Among its fossils, 7\')h iiorJicJltts 
. , /*?;#. u nhuuuh’tis^ (f. frinodoHUH^ 

^ ^ 7 , tSti ,i(//K'rf/t’r/\ and 'rrirhrfUtda 

/ -»'•* I** ' i dli s !i,n aeteri 4 ie, willi Kiu'riitiis li/ii/'onnis 

* ■ .,1 j|, }j„. tijipi'i' part of the nxdv. Some 

' ' ‘-'y' - so i iir alnot'if uIimIIv made up of I’rinoid Htems. 
a i lie' o| dolomiti's with anhydrite, 

id* \«.nlv deVMid of orj/anie remidii.s, tlioiigli hones 
;,.o, La%. l.ornd PMI to dOt) feet). 

I \\ » d> sot do i, ♦Mo i tnu' of limestones and dolomites 
< :.h 'ie- l}p|.r| part 1»U||(1» of porous liiiH-stoiu* kiiowu 

'ji*e? i<, /oiO ji-i'i *rjii. /one is <m tlie wliolii poor in 
fia dm* 4e’ hand , lome of wlijeh an* full of KnrriiniH 
, oV (O. e /; lUi'hn ht i'iifitl US, //(I'.nirsiff. 

i'- » , ii*.!. 11,,^ mnjdle p<»rtion of the liimsstone lias 
r 'd !o e.se p»idi u^fn^thtAuti I, is, S. hhstdtf, Alhiiris 
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f. i-.h;*.;-, liiffunH, t'tt rdissnidrs), 

f'r.-hn /h/iftdilftii /t»rt/i((d ami Homo 

. 1 ' i»v , ) 77 i Sf f’n/tdiff'/t t\ 7Uihi(i>in(s'.H Otfonis, 

|h I and mail , wifh in the Io\vi*r part, and 

' ’ e. ' f 5i ' I ;,d* f’deM f i .’IMM feel/. UeisiSlolud hailds of dolo- 
‘ • o} 'rioiimgini yield a numher of rossils 

- k ,U r-^ pi ihahly a lionge, ,l/y#yi/o»/'d/ t’nsfidtf, 1/. ridtftf/’is, 
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tliickness of more tliat 1000 feet ; ( 2 ) an u{>|M‘r si-rirs of rrO Nainl iff#!!*'- . ' . 

marls, forming the (ivi's hitjarrr ami (•.tmtainiiig among otln r l«f . i* * I *. 

I!quisetu.)}i arcuftcauni, Mijo'plun'ut, uYdf/fosittfrifs ,!/♦ 

saicrus VoUzii^ Mastodirnmnrus iru^/rnrtisis. 'I'Iji* MuHclirlknll in llo ' iiio i-ziMij i ^ 
compact grey limostonc cajiiibla of snh<livisi<in into thri'»’ a-, in ^o iin juy, «!.>* * 

tlie Keuper (Marries inst'(fs) jirosents a. characloristie a^seniltlaio' «4 Injolif i*'i ;u^a n 
mottled argillaceous marls.' 

Spanish Peninsula. — Tlie lagoon typo of tin* Trian : mioOh n? 4 , mif fi* 

eastern part of tlie 0yrene(‘S and tlirough t lie cast and M»uJ h of Spain. In fi » 
around Molina de Aragon the three (Jarman .snhdivisionH of tlo> = v .!*’5o !<»•» ti 

recognised. “ The lower eonglomerates and .samlslom’s of tin* provus**’ hio-, 

plants [Eqimctuin^ Alhertin). Iligln-r horizons in tlillfTont psil . of f'h»- |*» * 

present marls and dolomites sometimes with Musehelkalk fo MilH. In fhr |*‘Mr 3 o i '<, ;»1>' > 
various saliferous marls occur which an* assigned to this sy 4oni. 

Scandinavia." — Northwards tin* Tria.ssie lagoons of ( Vnfjal Hniofpr tljrirp, f ,ji,, I n » * 
Sweden. Though fragmentary remains of the' t«Ti<‘'4 rial llo|.t llnl r;o!i,, .| ||,r i iii i 
which surrounded the Gonna, n Triassi** inland .sea not infreipn-iitly ■ ni in llo* ilrpo .if’i 
of that hasii), it is towards the north tiiat the m«»st ahuiidanl liae* . ha'o l,» rn , mv« -I 
of the vegetation of the periotl. Above reddish NalifeioUH lork’^, |*5> .yin ddy , 

there come in southern Sweden eiu’tain light grey and yrlhav nliafa, whi> li, froio 

oi Avimla coniorUi- and other fossils in lh«i!i, ai»* asngimd to lh« Uio* fj- 
stage, though possibly their higher inemher.s may he .Ima snir. ’I'hry aUiyii in 
places a thickness of 600 to 80() feet, and cover about 2r»‘i Thry h-ivr 

been divided into a lower fr(*sh-water grmip, with woikahh* coal s*'tunH, iait iioirii?** 
fossils, and an ujiper marine, group, witli only }»or»r omIiU, IhiI ni?|i fi»}iiif'r»om inai iii*’ 
organisms {(Jd‘m(^ Pneten., AvicifJd, Ac.;. Jn the eoah'hennng drat a « kiy -ii 
occur, and scams of fireehiy nnde.rlie the coals. Nathond and laifidgirn loiir 
to light 160 species of ]»laniH from these ImmI.s u larger nnmher than fin whoh’ sd liir^ 
Triussic llora of the rest of Kurope. At I»juf they include JOJ *4 hiim, r;*J eyead'j* 

15 conifers, and 1 monocotyledon. The Sweilish 'friaNHir loive hnui arrmiged 

follows : — 


Younger Ilhaitic 


Middle R1 untie 


Older Rluetic 


f 

i 


Base of Lias with (ftnulinitt^ &e. 

Zone of N iin.sdnia qdtl timi^rphn . 

“■ Bullastra bed. f [/0///n.vLv/ 1 t'itHnqditra, 

Oslrm U isiiKjeri. ) 

Zone of Thmnnttffqittiris Sfhrnli. 

Zone of E(finsHimi f/r(frtl(\ PotfitvauitcH >, 

Zone of Lfpiddpterifi Ottonw, 

Zone, of (JamjdoptrriH ajrirnfis, /Ifdfrd pmo ipn# L/e, 

Zone of Anomoz(t'inilvH ifTitviliHf lUdimptt *///«?#! 

exile. 


Alpine Trias.^ — We now pass to the (*onHhh*raiion of the pelngie «r 

^ Benecke, AbhanUL A/mialkfirt. J'J/mtxH-Lo/hrinfp'd, 9^77 : if. t;. r*. 

p. 83 ; and his ‘ Geologic von Dfcut.schland.* 

I). Salvador Calderon, A /i. Aoc. Enp. II id. Not. xxvii. (iHph}, p. 177 , 

" Sec Hid'iert, Ann, Sci. Genl. 1869, No. 1 ; //. S. F. (2|, 'avii. p, fiUtl. 

Me7mdr8 of the Geological Haeveyof especially Nuthor,:4 “flni Floriin Sk::iiirf. ■ 

ande Bildiiiiigar,” 1878,1879 ; K. Krdniaiin, “ BehkrifniuK till Karthimhd. 

1881, p. 42; G. Lindstrcirn, “Kartbhulet Eugelholni,” I8hp; alno Niilimrd, ** lliiinig till 
Sveriges fossila Flora,” K. Vet. Almd. Ilandf. dfoehhdm, uv. ; Frm-H IHJH, 

pp. 105, 891; 1879, pp. 973, 1004; (13S2), i. p. 70. Lumlgriii, r/o,/. /dvrw* Siuth ^ 
hohfi Forh, 1880 ; A nn. G^al. Utiiv. Ijiind. iv. ^ 

See F. von Richthofen^ * Geognostische Be.schreihuiig iler 1 ’in.i^egeiiil *niit 
Gotha, 1860. Giirnhel, ‘Geog. Besclireib. des Bayeriseh. Alpen,' LHOR Htiir, ‘ CL'nlogie tier 
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development of tlie European Trias which extends across the Mediterranean basin. In 
the western Alps, certain lustrous schists, with gypsum, anhydrite, dolomite, and rock- 
salt, lie underneath the Jurassic series, and have been referred to various geological 
horizons. Some part of them undoubtedly belongs to the Trias.^ On the Italian side, 
they swell out to gi-eat proportions, reaching a thickness of more than 13,000 feet along 
the line of the Mont Cenis Tunnel. Traced through Piedmont, they are found to play 
an important part in the structure of the northern Apennines, where they contain 
the celebrated statuary marbles of Carrara (pp. 804, 1105). They have undergone, in 
these mountainous tracts, extensive mctamorphi^, the original shales or marls being 
changed into lustrous schists, and the limestones into crystalline marbles. But even 
in this altered condition Triassic fossils have been found in them. 

Already in Triassic time a notable distinction had been established between the 
geographical conditions of the regions now marked by the eastern and western Alps. 
The line of division between the two areas may be said to coincide generally with that 
ancient line of N.E. and S.W. disturbance known as the “ Ehine-Ticino fault.” To 
the west the Triassic deposits point to varying conditions of lagoons and inland seas. 
Eastward, however, the corresponding deposits attain an enormous development, and are 
now recognised as presenting a record of the deeper water or pelagic conditions of the 
Triassic period. As Mqjsisovics has remarked, what England and North America are 
for the Palfcozoic formations in general, what Bohemia is for the Silurian system, what 
the Jura Mountains are for the Jurassic depo.sits, the eastern Alps are for the Trias.- 
Special interest attaches to the Trias of these Alps from the great thickness of its 
limestones and their thoroughly marine fauna, with a commingling of Palmozoic and 
Mesozoic types intercalated between the Permian and Jurassic systems. It would 
appear that during the deposition of these limestones the central core of crystalline and 
Paheozoic rocks of the Alpine chain rose as an island that stretched from the Engadine 
eastward into Austria. North of this] old insular tract the Triassic strata are on the 
whole somewhat sandy, the accumulation of limestone there having been frequently 
interrupted by inroads of sand or silt. On the south side the deposition of limestone 
and dolomite went on more continuously, though interfered with occasionally by sub- 
marine volcanic eruptions. Some of tlie dolomite masses may have been coral-reefs ; 
Moj-sisovics even believes that in the conglomeratic portions he can detect traces of the 
breaker-action by which the reefs were ground down, while tlie thin marls were deposited 
in lagoons, or in the inner channels between the reefs and the land. But it is specially 

Steiermark,’ 1871. E. von Moj.sLsovics, Jalirh. (i&ol. Reichsanstcdt, Vienna, 1869, 1874, 
1875, 1880 ; Ahhandl. Ueol. Reichsanstalt, 1875-1893 ; Verhandl. Oeol. ReicIisrc7ist.aU, 1866, 
1875,1879, 1896 ; SUzh. Ahcd. Wien, ci. (1892), p. 769 ; cv. (1896), p. 5 ; and ‘Dolo- 
mitriffe Siidtirols uud Veiietiems,’ 1878. E. Siiess, ‘Die Ensteluing der Alpen,’ 1875. 
Memoirs by Von Hauer, Laiibe, Sue.ss, Stache, Stur, Toula, Bittner, and others in the 
Jahrb, Oeol. Reichsanstalt. Von Hauer’s ‘Geologie,’ p. 358 et seq. Mrs. Gordon (Miss M. 
Ogilvie), Q. J. a. S. xlix. (1893), p. 1 ; (ieoL Mag, 1892, p. 145 ; 1894, p. 355 ; 1900, 
p. 337 ; Verhandl. Geol. Reichsa7ist. 1900, p. 306. The fossils are described by Beiiecke, 
Geol. Ralseontol. Beitr. vol. ii. ; Mojsisovics, Ahhandl. Oeol. Reichsanst. vi. vii. x. ; Palve- 
ontologia Indicri, ser. xv. vol. iii. (1899) ; G. L. Laube, DenJcsch. Akad. Wien, xxiv.-xxx. ; 
A. Rothpletz, Pcdaeontographica, xxxiii. (1886), pp. 1-180. Numerous other memoirs are 
cited l)y Mojsisovics in his ‘ Dolomitrifie.’ 

^ The “Schistes lustres” of the western Alps and the “ Bimdnerschiefer ” farther east 
have given rise to much discussion (p. 802). The controversy lias been well summarised by 
Professor J. W. Gregory, Q. J. G. K lii. (1896), and by Professor Rothpletz, Z. D. G. G. 
1895, Heft i. There can he little doubt that these rocks consist of a great series of altered 
strata, which include Archasan, Palseozoic, Mesozoic, and even, perhaps Caiuozoic formations. 
The Triassic portion of them is generally recognisable by its peculiar lithological characters. 

‘Die Dolomitriffe,’ p. 39. 
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deserving of notice that corals were not the only agents in the accumulation of reef-like 
masses in this region. Alike in the dolomites and the massive limestones calcareous 
sea-algae occur so abundantly as to show that they grew up into wide reefs, which, 
judging from what is known of the distribution of such organisms at present, show that 
the Triassic sea in these tracts did not exceed 200 fathoms in depth. Though organisms 
of higher grade are often associated with these reef-building plants, they occur most 
frequently in the thin-bedded marls and shales at definite horizons in the series of 
straff. 

Having regard to the lithology and palaeontology of the Alpine Trias, Mojsisovics 
proposed some years ago to consider the system in the eastern Alps as pointing to the 
existence of two great marine “provinces.” The larger of these layover the sites of 
North and South Tyrol, Lombardy, and Carinthia, and stretched far to the east. To this 
area the able Austrian investigator gave the name of the “Mediterranean province.” 
To the other, which occupied a limited tract on the north-east slopes of the Austrian 
Alps, extending from the Salzkammergut into Hungary, he gave the designation of 
“Juvavian province” (from the old Roman name of Salzburg). Though the Triassic 
deposits of these two regions were geologically contemporaneous, they enclose remarkably 
different assemblages of organic remains, insomuch that the palaeontological zones which 
can be determined in the one have not been found to hold good in the other. In no 
respect is this independence more strongly shown than in the great contrast presented 
by the Ammonites of the two areas.- The Juvavian province has yielded a Triassic 
cephalopodous fauna far outrivalling in variety and interest that of any other tract. 
It was for a long time believed that the cephalopods w^ere quite distinct in the two 
regions, Phylloeeras, Dklymites^ Halorites, Trojyites^ MhaMocems, and Qochloceras being 
regarded as the dominant and distinctive genera of the Juvavian province, while 
Lytoceras, Sageceras, and Ptychites were equally characteristic of the ^Mediterranean 
province.^ The progress of research, however, has shown that the so-called Juvavian 
province can no longer be strictly maintained, for the type of rocks and fossils on wliich 
it was based have been found in the midst of the Mediterranean basin. Nevertheless it 
remains true that the peculiar lithological and palamntological features, as well as the 
complicated structure, of the district of the Salzkammergut have up to the present time 
interposed very great difficulties in the way of the institution of any exact comparison 
between the Triassic succession in that area and in other parts of the Alpine region. 
The table on the following page, compiled from the results of recent researches, shows the 
•contrasted grouping of the Triassic formations on the two sides of the eastern Alps, and 
their distinction from those of the German inland sea, between which and the Alpine 
basins there seem to have been only occasional and brief intervals of connection : ^ — 


^ Mojsisovics has modified his earlier opinions regarding the order of the Triassic forma- 
tions in the Salzkammergut Abaci. Wim^ 1892, p. 780). 

^ In the preparation of this account of the Alpine Trias I was greatly aided by Mrs. 
Gordon, whose intimate acquaintance with this geological system in the eastern Alps is well 
shown in her papers already cited. The table on next page was entirely drawn up by her. 
Compare the Table on p. 1106. 
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1. Bunter. — The base of the Alpine Trias shades down into tlic rerinian formations 
(Bellerophon limestone, Groden sandstone), and consists of tlie group of red sandy 
micaceous shales known as the Werfen beds (from Werfen in the Sal;^luirg), wliich ionn 
a tolerably persistent horizon. Among the fossils in the n[)per part are AaiuxUcc cosltUa, 
Turbo rcctecostaius, Myoplioricc costatii^ Monotis aurita, and the ainnioiiites ILohtcs 
{Ceratites) cassiamts, halmatmus idrianus, 1). mnchianu.% TrachyamtH Liccanum, 
Norites Gaprilcnsis. Some of these organisms occur so abundantly as to form entire 
beds. Corals, echinoderms, and brachiopods (except Lingula) are absent. In the lower 
part of the group Monotis Clwrcu is especially abundant. Tlie preseinic here of Myophorm 
costata, a characteristic form of the German Both, serves to mark tln^ relation of the 
Werfen beds to the Triassic series of the German area. 

2. Muschelkalk.— It is above the position of the Werfen beds that tlie Alpine 
Trias begins to manifest great lithological differences, not only in the two provinces on 
the northern and southern sides of the Alps, but even within the confines of eacdi i)rovince 
The general character of these differences is expressed in the foregoing table. Yet, 
with some notable exceptions, the pal?eontological zones can be distinguished. The 
lower Muschelkalk of the eastern Alps consists in its inferior portion of sedimentary 
deposits whicdi are largely argillaceous, while the upper ^lart is composed of limestones 
and dolomites arranged in lenticular reef-like masses. The lower argillaceous division 
varies in its pakeontological character. Mojsisovics distinguishes three facies, the lowest 
in which lamellibranchs predominate (Recoaro), and which shows a close litho- 
logical and paljeontological relation to the German Muschelkalk, followed by ono with 
brachiopods and land-plants, and that by a third with cephalo[)ods (l)ont, Val Inferna 
and Brags). The calcareous group sometimes resembles in lithological chai’actor tlie 
German Welleiikalk, but in certain places it assumes the aspect of reefs. Among the 
most important fossils of the Alpine Lower Muschelkalk some ai'c common to this stage 
in Germany, such as Spiriferina Mcntzeli^ S. hirsnia, RhynchonelUo decurkUa^ Tcrchratida 
{Cmnothyris) vulgao'is, T. angusta^ Myophoria vulgaris, Recten discUes, Encrinus grtwilU, 
Ceratites t 7 'inodosus. But there remains a large number of peculiar forms, especially the 
abundant ammonites [Ptycliites, Trachyccras, numerous species, Lytoeeras). The l'}>per 
Muschelkalk is generally a dark grey to black limestone, but sometimes (Salzkam- 
mergut) is red and like a marble. Among the typical fossils arc HalobUt {iJaouellu) 
Shiri, H. (D.) parthaomisis, Orthoceras cavipanile, Nautilus Tlchlcri, Rtychites gihbus, 
Arcestes JBramantei, NSgoceras megalodiscus, Ceratites {Trachyccras) trinod osus, and others. 

3. Noric Stage. — It was at the close of the depo.sition of the Alpine Miistdiolkalk 
and the beginning of the ISforic stage that the two great Inological provinces above 
referred to were hnally established. The general grou]'>ing of the formations in each area 
and the striking difference they present even within the same area are best understood 
from the inspection of such a table as that given above. On the soutbern side of the 
Alps two groups in this stage have been recognised : (1) the Bucheiistcin beds, consisting 

♦ of flaggy and nodular limestones, with hornstone concretions. These strata have not yet 
been found in the northern Alps. Among their fossils are O'i’thoccras Rockhi, Arcestes 
tro7npumus, and other species, PtycMtes a7igusto-7i7ahilicatus, Payeccras ZsUpnoridyif 
Lytoceras, cf. weiigenense, Traclnjceras Curionii, T. licitzi, and other species, RpiriferuiA 
Me7itzeli, Halobia {Baonclla) Tai'amcllii, and other species. (2) The Wengen beds 
comprise all the strata lying between the Buchenstein beds and the base of the 8t. CaBsian 
group. Their most important material consists of a dark sandstone with shaly partings, 
derived chiefly from volcanic detritus. In South Tyrol and in Carinthia sheets of lava 
and tuff lie at the base of this group, and thicken out round the centres of eruptioln 
With these interbedded igneous rocks are associated bosses and dykes of augite-porphyry 
and melapbyre. A cliaracteri.stic feature of the Wengen beds is the great development 
of reefs formed by calcareous alg?e {Gyroporella, including Liplopora), and built up into 
enormous masses of limestone and dolomite witli corals, large RTaticas, and Ohemiiitzias, 
Among xhe characteristic fossils of the Wengen beds are Trachycc 7 'as Archelaus, and 
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ininiR rolls otlier species, u-lrccstes trvlaitmus, Pinacoceras daonicuni, Ealobicc Lommeli, 
with in .some places remains of land-plants, which include ^ 2 ' amnaceus, Ecuro- 
'ptcrk several species, Sageiiojiteris^ Pecopteris, TTtimifeldia, PteropJiyllwn, T^Diiopteris, 
Von-laP 

4. Carinthiaii Stage. — The geograiihical distribution of the two marine provinces 
lasted beyond the early piart of tliis stage. Thereafter the separation between them gradu- 
ally disappeared, and some of their peculiar ammonites began to migrate from the one terri- 
tory to the other. In the southern area Mojsisovics has noted three distinct Carinthian 
groipis : (1) the St. Cassian hed.s, consisting of brownish calcareous marls, limestones, and 
oolites. This group ha.s long been celebrated for the astonishing abundance and variety 
ofits organic remains. The Kclihioderms are p)articularly prominent. Abundant also are 
the siiecies JIaloh la {iJaaitella) (AT. cassiana and IT. Pdchtkofciii). Corals abound in the 
iieighljourhood of the d(jloinite- reefs, and the coral hanks, like the beds of echinoderins, 
can be traced laterally into these reefs. The St. Oa.ssian beds are represented in other 
parts of the Alj)s by hw-siliferons limestones (Marniolata and Esiiio limestones in South 
Tyrol and Lombardy, Wettcr.stein limestone in North Tyrol) and nearly urifossiliferous 
(loloinitcs (Scldcrii dolomite in South Tyrol, “ Erzfiihrende Dolomit ” of Carinthia) of 
the “ reef-type” of Mojsisovics. Out of the large series of fossils the following may be 
mentioned here ; — Trachyccras aon, species of ArccMes, Lohites^ Orthoccras, Nautilus, 
BactrUcs, Ger%[llia anymta, Kouinchhia Lcoiikardl, JlhynchoncUa scmiplccia, Encrinus 
cassia- jiUH, PeuUccrinus proptiu/am, Cidaris dorsata. (2) The Kaibl beds’-^ mark the close 
of the separation of th(3 two provinces, for they range from the one into the other. They 
consist of dark bituminous marly strata, with lenticular beds and thick reef-like masses 
of limestone, and frecpiently with gy[)suni. and ranch wacke. Their fanim, distinguished 
by the large iiiimher of littoral laniellibranch.s, includes Triyania Keferstemi, Cardita 
(rihnbcli, Oorbula llosthorni^ Hiclobia riogosa, GervlUicc bipartUa, Megalodus curinthiaeus, 
Uhenmitzia ej‘intia, Nautilus Wtdfeni, Trctcliycms aonoldes. Tlie Lunz sandstones, which 
belong to this horizon, have yielded numerous laud-plants comprising many species of 
I^tcrdjjhfjl/AL/ti and forms ot NqmsctUes, Calamitcs, Neuroptcris, Aletlioptcrls, <&c. (3) The 

beds com pirisiiig the zone of jTvicala exilis and Ihtr'ho soTltarius show a return of the 
doloniitic condition of earlier p)arts of the system. These conditions had already' set in 
during the deposition of the Kaibl bed.s, ]>iit they rcacdied their full development during 
the accumulation of the next group, when masses of dolomite ranging up to nearly 4000 
foot ill thickness were laid down. This group of rocks, though placed by IMojsisovics 
in the Carinthian stage, is by otlier authors con.sidered to be Kinetic. In North Tyrol 
it is known as the Main Dolomite (Haupitdolomit), in the Salzkammergiit as the lower 
part of the Dai‘.hsteiirliTue.st()ne, which forms an important feature in the scenery of the 
district. These rocks every where pre.sent a great contrast to the strata below them in 
their poverty of organic remain. s. Some of their most promimait fos.sils are casts of 
Megalodiis{ir. Gilvibeli, M. cornplcmcUus, M. ITajsvdri, &c.), and remains of calcareous 
algai ( Ggropordla). Th e bituminous Seelield beds of the North Ty rol liave yielded many 
fishes [Semiomius, Zepidolics, Pholido'phor'iis) and remains of plants. 

Until recently, according tp Mojsisovics, the order of supier position of the rocks in 
the HalLstadt area was misinterpreted. He now believes that the Hallstadt marble 
does not form a continuous ina.s.s overlying the Zlamhach beds, hut that the latter, 
instead of underlying the Hallstadt rock, actually lie within it. He has grouped a 
section of the Hallstadt serie.s as a .separate stage under the name of ^ ‘ Juvavian.” It 
consists at the ba.se of red and variegated leiitieiilar seams of limestone with Sagenites 
GiehlL Then follow red lenticular li in e.s tones with gasteropods (zone of CTccdiscztes 


1 On the Wengeii, fit. Ca.ssian, and Kaibl groupi.s of tlie Seiser Alp, Tyrol, see K. A. von 
Zittel, Silzh. Bayer. Akad. Munich, xxi.x. (1399), p. 341. On the fossils of the Wengeii and 
Cas.sian groups, see Mr.s. Gordon, (}. J. G. S. xlix. (1893), pp. 1-78 ; Geol. Mag. 1900, p. 337. 

2 Treili. v. Wbhrmatiri, “Die Raibler Schichteu, ” Jtz/i/A Geol. Reichsanst, 1893, p. 617. 
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ruber). It is liere that the Zlainhach beds come in with their Choristoceras EituerL They 
are succeeded by grey limestone with Rinacoceras Metteniiclii, and this by seams of 
limestone carrying Cyrto'pleurites bkrenatust^ This whole series, comprising several 
pahnontological zones, is regarded by Mojsisovics as the equivalent in time of the Main 
Dolomite. 

5. Khsetic Stage. — Two distinct facies of this stage are developed in the eastern 
Alps, but the unity of the dei)Osits over the whole region is shown by the presence of 
the characteristic Avicula contorta. The Kossen beds are a marly, higlily fossiliferous 
group of strata, marking probably the shallower water, while the up])er Dachstein lime- 
stone into which they merge may indicate the opener sea. Suess has distinguished a 
series of ‘‘facies” in this group, the lowest (Swabian) marked by tlie preponderance of 
lamellibranchs, the next (Carpathian) by the abundance of Tm'Jn alula (jrcrjarla and 
Plicatulcb intusstrioM ; the Haiiptlithodendron-limestone-— a thick mass of coral lime- 
stone ; the Kossen facies including the dark brachiopod limestones witli shaly partings, 
and the Salzburg facies recognisable by the prominence of its cejdialopods {Chorinto^ 
ceras Ma7'sJii, jEgoceras planorhoides). 

The Kossen beds are most fully developed in the northern Alps, more particularly 
in Bavaria and North Tyrol, thinning out towards Salzkammcrgut, while the dolo- 
mitic facies of Dachstein limestone predominates in tlie southern A1 ])h, the fossiliferous 
marly facies only appearing in the Lombardy Alps. The occurrence of the fossiliferous 
Rluntic beds in the Alps gave not only the first clue to the identity in time of the 
Triassic beds in Alpine and extra-Alpine regions, but it has proved of the^greatest 
importance in tracing the zonal parallelism of the Triassic succession within the Alps 
themselves. As has been said, a great thickness of wholly iinfossiliferous dolomitic and 
gypsiferous rock sometimes occurs in the western Alps, and it would ho impossible to 
assign a Triassic age to any part of this series were it not for the presence of wcjll-known 
Rlnetic fossils in the beds immediately succeeding them. Again, the same fossils give 
undoubted evidence of the gradual submersion of the island of older crystalline and 
Palfeozoic rocks in the Triassic sea of the eastern Alps. Rluetic fossils are found on tlie 
Radstiidter Tauer and on the Stubey Mountains in the central chain of the Alps. 

The intrusive volcanic rocks of the celebrated districts of Predazzo and Monzoni in 
South Tyrol are referred by some authors to Lower, by others to Upper Triassic time. 
At Predazzo there is a core of orthoclase i)ori>hyry and tourmaline granite with an 
envelope of syenite, by which, among the now familiar phcnuimiiia of eontacd’-iruda 
morphism, the Triassic limestones have been in places converted into marble. Similar 
phenomena are presented at Monzoni, where a central boss of augitc-syenite, traversed 
by veins of gabbro, melaphyre, &c., cuts across the Triassic strata {ante^ p. 774). 

The Triassic rocks of the Alps have participated in the great earth-movernentB to 
which this chain of mountains owes its structure, and they conscupicntly present remark- 
able cases of dislocation, inversion, and even of metamorphism. Thus the Trhimm 
formations of the Radstiidter Tauer in the Tyrol cannot be separabui i'rom the calc-mica 
schist of that district, and Professor Suess regards this schist as an altered Triassic^ lime- 
stone.- 

Mediterranean Basin. — Continued study of the pelagic facies of the Trias as first 
encountered in the eastern Alps has shown that this type extends througliout the 
Mediterranean basin, extending into Asia Minor and sweeping across central ami 
southern Asia even as far as Japan and the East Indian Arcliij)elago. On the ])orderH 
of the Mediterranean enough has been ascertained to show how widely the. open Triassic 
sea S 2 >read over that region. On the west side. Lower (Dinarian) and Upi)er (Noric) 
Triassic cephalopods have been obtained from tlie district of Barcelona. =' 'fhe Balearic 

^ Mojsisovics, AAud. IFieu, 1892, j). 769. 

~ Anmig&r Ahad. Wien, No. xxiv. 20th Nov. 1890. 

Mojsisovics, Sitzb. Akad. Wien, civ. pp. 1295, 1299. 
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Isles have furnished fossils indicating the presence of LoAver Noric (Fassanian) strata. 
Ill the north of Italy flriassic formations, sometimes in a niiich altered condition, have 
been detected in the Cottian and Apnian Alps. The famous statuary marbles of Carrara, 
as already mentioned (p. 804), are regarded as probably part of this metamorphosed 
series. Right down the centre of the peninsula Triassic rocks appear here and there in 
the axes of the deeper folds into Avhicli the Jurassic, Cretaceous, and Tertiary rocks of the 
Apennine chain have been thrown. ITear the south end of the Peninsula they form 
lofty ranges of lulls which, as at Monte Papa, rise more than 6000 feet above the sea, 
and ill that district they have supplied upper Triassic (Longohardian) shells.^ They 
reappear in Sicily and again on the east side of the Adriatic, where they range through 
Dalmatia. In the island of Crete, pihyllitic limestones, gypsum, dolomite, black slates, 
and (Quartzites containing recognisable fossils have been referred to the Tipper Trias. 
But they have undergone great metamorphism, the altered limestones hardly differing 
from the most ancient varieties, while the cipollinos have become coarsely crystalline.^ 
Lower Trias fossils have been obtained from many places in Bosnia. The system rises 
once more on the farther side of the Hungarian plain, and stretches through the Car- 
pathian chain by the Eiikovina into the Dobrudseha. 

The prolonged cxaniiiiation of the remarkably fossiliferoiis deposits of Hindustan has 
supplied some gaps that occur in tlie European development of the Triassic system, and 
has led the Austrian geologists to a revi.sion and readjustment of the classification and 
crQuivalents of the various formations, as shown in the accompanying table : — 


^ G. de Lorenzo, Atti. Accad. N'apoU. vi. ser. 2, Ho. 15 (1894), p. 50 ; vii. Ho. S 
(1895). Baldacci and "Viola, Toll. Com. (/eoZ. ItaL xxv. (1894), p. 372. G. di Stefano, xxvi. 
(1896), p. 4. 

^ Xi. Cayeu.x, Oorapt o'md. 12tli May 1902. 

** The Lower Trias as here given lias been compiled by Dr. W. Waagen and Dr. C. 
Diener ; the Upper Trias- by Dr. 1. v. Mojsisovic.s, Acad, Wmi, civ. (1895), p. 1279. 
See also Dr. Mojsisovics’ Memoir in Palieontolorjia X'hdica (already cited), p. 155. 
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Asia. — The Trias has a wide extension in this continent. From the Mediterranean 
basin it stretches through. A.sia Minor, where at Balia Maaden in Mysia dark shales and 
limestones enclose .species of Arastes^ Nautilm, and JTalobia (Jiivavian and prohahly 
Sevatian), while at Isinid on the sea of Marmora Xower Triassic ( Dinarian) forms have 
been obtained by Dr. F. Toiila. Traces of still older parts of the system (Scythian) have 
been detected in the Araxes Pass near Bjoulfa in Armenia. The Eastern Pamir has 
yielded three species of Halorellco and Monotis sali^mria, indicating the middle or upper 
section of the Juvavian stage. But it is within the confines of India that the most com- 
plete representation of the pelagic Trias has been met with in this continent. The Salt 
Range of the Punjab supplies a remarkably full display of the low^est or Scythian series 
of tlic system, as may be seen from the foregoing table, no fewer than seven distinct 
paleontological 5:ones being said to he there traceable. Again, in tlie Himalayan 
region the Upper Triassic groups are well developed and contain a rich 
cephalopodan fauna. The Carinthiaii stage at Rimkiu Paiar, Miti Pass, and Ralphii 
Glacier has yielded numerous genera and species of ceplialopods indicative of the Julian 
group {Anatomites, Arpadites, Cladiscites, Glydonautilns, Mctonioceras, Griesbcickitcs, 
Ihiufjccrites, JscuUtcs^ Jovites, Joaimites^ Juvavites, Megaphyllites , Mojsmrites, N'a'iitiliLS, 
OrthoceTos, Paradadisoites, Pldcites, Plciuroncbutilus, ProccrciteSy Protracliyceras, Ptyckites, 
SdyeiiUas, Styy'ites, Tihetites, Trachyceras). The Juvavian stage as displayed in the 
iMon^CtS-limestone affords the richest assemblage of Upper Triassic cephalopods, of 
which 60 species have been obtained. They include the following additional genera : 
Arcestes, Atractites, AnatihetiUs, Pccmhmvagfites, Clio%ites (6 species), Dionites, Pitfodarites, 
(hicmbelites, Halorites (5 sp.), MelictiteSy Parajuvavites (13 sp.), FdratibetUes (o sp.), 
Pi7iacoceras, Saiidlmgites, Sireiiites^ and Stemm-doinitcs (5 sp.). Above the Halorites- 
limestone come limestones and dolomites (100 to 120 metres) -with. S^Jinfermcc Griesbachi^ 
but the upward succession of cephalopods has not been traced further, though a 
fragment of a SageniUs has been obtained from the “ Sagenites beds ” of Dr. Diener.^ 

In the terrestrial G-ondwaiia system of peninsular India, the Triassic series is 
believed to be represented by the Pancliet group already mentioned (p. 1079), which 
consists chiefly of thick beds of pale coarse felspathic sandstones with bands of red clay 
and in the upper part occasional conglomerates, the whole in the Damodar valley not 
exceeding 1800 feet in thickness. These strata have supplied a number of land-plants 
{Schizoneicm, Vertebraria, Fccopteris, TMnnfeldia^ OleandridiiiM, Glosso2'iter{s^ Saniar- 
opsis), but their most important paljcontological characteristic lies in their being the 
chief repository of the animal remains of the Gondwana system. They have yielded 
Hstherid, a number of labyrinthodonts [Gcniioglyptus, GlyptognatMis, Pachygoma), 
dicynodonts (Z>. ori&ntalis, Ptychosicogwvz), and a deinosaur {FJpicao7ipodon)P 

In north-western Afghanistan the Permo-Carboniferous group alluded to on p. 1079 
passes upward into sandstones, limestones, and shales, which are regarded as probably 
Upi)er Triassic- At their base the typical shells HTalobid LommeZi and Monotis salinm'ia 
are found, indicating a marine horizon, but the great mass of sediments are charac- 
terised by a terrestrial flora and intercalated seams of coal, as in the Gondwana system.^ 
Far to the east, in the island of Both, at the eastern end of the Indian Archipelago, 
Triassic strata have been found containing the characteristic shell Monotis saliiWLria, 
with Fliilohia (Daonella). Traces of the pelagic type of the system have been detected 
at wide intervals along the western border of the Pacific. In five separate districts of 
Japan representatives of what may be the Anisian, Roric, and Juvavian stages have 
'b&anxwt&d (Cemtites, Arpeedites, Hanubites, JapoiiiUs, Anolcites^ Gyomvites, Fsewdomonotis 
ochotioA). The uppermost members of the Japanese Trias, paralleled with the Rh^etic 
series of Europe, consist of a thick series of shales and sandstones with seams of 
anthracite and a characteristic flora of ferns and cycads, which include Piety opliyll’dm 

^ Mojsisovics, Fidseont. Indica, supra cit. p. 127. ‘ Manual of Geology of Indin,’ p. 170. 

Griesbach, Records Choi. Suro, India, xix. (1886), p. 239. 
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acutildbum and Baicra ‘piviievpartelti^ also found in Europe.^ The Scythian and Dinarian 
stages are developed in the coast province of Eastern Siberia near Vladivostock, where 
Brahmanian and Anisian cephalopods have been discovered. The PscudoynonMis 
ochotica has been found in the Gulf of Okhotsk. 

Arctic Ocean. — The pelagic type of the Trias extends from the Pacific into the Arctic 
Ocean. It has been recognised among the New Siberian Islands off the mouth of the 
River Olenek, and still hirther west in KSpitzbergen. The Scythian stage with OeratiU'H 
siibrolust'us, and the Dinarian with Iliomjarites triformis^ have been found in the form(;r 
district. The Dinarian stage., with a Posiclonovpja-limefiUmQ below and a PaojicllaAiim- 
stone above, occurs in Spitzbergen. It fills the geologist with astonishment to find in these 
northern regions a ricli cephalopod fauna embracing CWcUites (30 s[)ecies), JJim/TUns (8), 
IlccJcoceras (6), Xenodiscus (4), Bihiritns (3), ProsplihujUes, Po'imnocerua (5 or 6), Ptychitm 
(6), Nautilus (2), Plcuronantiius, Hwnyarites^ AtractUes ; also species of Pmulrniuniutls 
(11), Daoiiella, Oxytoma, Avicula, Pcden^ Gervillm, Oardita, Lingnlaj S/iirifr.ri/ia., and 
PJiynclwndla^ together with remains of fish and reptiles {Acrodus spitzbcry/'/isiSf fcliilnjo- 
saurus polaris, AHxosaimis NordeuskibldU)A An upper Triassic terrestrial floiu is 
likewise preserved in the strata of Research Bay, S])itzbergen. 

Australasia. — Returning now to the Pacific basin we. may follow the Triassic dcivcdoji- 
ment southward. In New Caledonia the detection of Phyllocrras, Btcnara'Htcs, Vsinidn- 
monoiis and other fossils indicates the probable existence there of tln^ Juvavian stage.'* 
,In New Zealand also the same stage is probably represented by the strata which liave 
furnished specimens of Pscudomonotis, Malohia, Glydoiiautilus and Kauilhts^ In this 
colony Sir James Hector has grouped under the name of Trias a great thickiuiSH of strata 
divisible into three series. (1) The Oreti series — a thick mass of green and gr(‘y tuff-like 
sandstones and breccias, with a remarkable conglomerate (50 to 400 feet thi<'k) contain- 
ing boulders of crystalline rocks .sometimes 5 feet in diameter, found both in the North 
and South Island.s ; fossils, chiefly Permian and Triassic, but with a Pnulacrinus like 
a Jurassic species. (2) Above these beds lies the Wairoa series, containing Monotin 
salinaria, Ilalobia Lcmimcli, &c., and also plants, a.s Ba.mumra'f, GtossapteriSf Zamiteu^ 
&c. (3) The Otapiri serie.s, which, from the commingling of fossils nearly allied to 

Jurassic species with others which are Triassic and some even Permian, and from the 
presence of many forms identical with those of the Rluetic formations of the Alps, in 
assigned to the Upper Trias or Rhajtic division.^* 

The indications furnished by the rocks of New Zealand as to the .soutliern limits of 
the open sea of Triassic time are supplemented and made clearer by the (ivideace affordisl 
by the rocks of Australia. Thus in Now South Wales an unmistakably tcrrcistrial 
condition of sedimentation is revealed by the Hawkesbury series— a suceesHion of 
yellowish-white sandstones and shales provisionally placed in this Hy.stem. This series, 
which lies upon the Permian or Permo-Carboniferous Coal-measures, some times with 
no apparent break and sometimes with a decided uneonformability, lias been buIo 
divided into three groups.** At the base lie (1) the Narrabeen beds, made up of gamb 
stones and shales which range from 350 to 1900 feet in thickness. Their most con- 
spicuous features are a band of purplish-red shale at the toj),‘ and the occurrmice of 

^ ‘ Outlines of the Geology of Japan/ published by the Imp. Gml. Auru. Tokyo. 1900, p. 48. 

- A. B. Nordenskibld, Oeol. May. 1876 , p. 741 ; A. Bittner and A. Teller, Mim. Ae.ad. 
St. Peterslmmj, vol. xxxiii. ; Mojsisovics, Verhandl. k. k. Geol. Reichmmsf. 1886, No. 7. 

Mojsisovic.s, Oonipt. rend. 18th Nov. 1895. 

Mojsisovic.s, Verhandl. Geol. JieichsaoisL 1886. 

** ‘Handbook of New Zealand,’ p. 33. F. W. Hutton, Q. J. G. (1885), p. 202. 

** C. S. Wilkinson, ‘Notes on Geology of New South Wales,’ Syilney, 1882, p. 53. 
0. Feistmaiitel, 3{e7n. Geol. Sure. N.S. Wales, Palmontolofjy, No, 3 (1890) ; K. Etlieridge 
jun. op. cit. No. 1 (1888) ; T. W. Edgeworth David, Anniversary Addres.s, Hoy. Stc. N.S. 
Wales, 1896, p. 50. 
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flakes and veins of metallic copper among tlie pin-pdisb, gritty, and shaly strata, \Yliicli 
have been described by Professor Edgeworth David as tuff.^ In the centre come (2) 
tlie Hawkesbuiy sandstones, ^vhich form tlie pncturesqne cliffs around the coast of 
I’ort Jackson, and have furnished the stone for the principal public buildings in Sydney. 
They vary from about 250 feet thick in the Western division of the Blue Mountains to 
more than lOOO feet further east. They have yielded Tlii%nfelclm, Gleicheiiitcs, Fliyllo- 
theccc, JSq%isctm}i, &c. A.t G os ford, near the base of the gronx"), in a thin seam of grey 
shale, a large collection of fossil fishes has been obtained. The animals seem to have 
lived in some land-locked lake or estuary, and to have been killed in large numbers by 
the sudden silting up of the water with coarse sand and gravel. They belong to at least 
six genera, four of which occur in the European Trias. Of these four, two [Dictyopi/ge 
and Hamionotus) are typically Triassic, while the third [JBelonorJmjnclius) commonly 
ranges to the Lias, and the fourth {Pholidopliorics) is best developed in the Jurassic 
system. The fifth genus [Fristisomus) is new, but scarcely higher in rank than JSemio- 
7iotuSf while the sixth (Oleithrolepis) has only been definitely recognised in the Stromherg 
beds of South Africa, tlie age of which may he Triassic or Lower Jurassic.- The group 
has likewise yielded Mastodonsaitrus and a marine gasteropod (^Tremaiiot^is). The 
highest member (3), the Wianamatta shales, consists of dark grey strata with clay- 
ironstone and thin seams of coal. Among its fossils, which are abundant in the low-er 
part, dwarfed forms of Unioiiidm are conspicuous ; Mastoclo'iisciuriis has likewise been 
found, together with PalmniisciLS and CleithroZepis. The tolerably abundant plants are 
chiefly ferns [ThmvfelcUa, Macrotienioptcris). 

Africa. — In South Africa the Karoo beds,” which have already been referred to as 
spreading over a wide area of country, in imj,rly Liorizontal sheets of incoherent sandy 
materials, and from which so remarkable an assemblage of amphibian and reptilian, 
remains has been obtained, appear to represent the various formations which in other 
regions constitute the Permian and Triassic systems. Their lower x-)arts may be of 
Carboniferous age, while their higher members may he Rhcetic. We have considered the 
lower and middle groups of the three divisions into which they have been sejiarated, and 
have seen the remarkable similarity of their palaiontology to that of the Lower Goiidwaiia 
formations of India. The third or uppier group, known as the Stormberg beds, presents 
a not less striking re.semblance in its llora to that of the Hawkesbuiy serie.s of New South 
Wales. Among the sjiecies common to Africa and Australia are Sphenopteris clongata, 
ThiTi’iiJeldm odontoptoroides, T. trilobcctay Tseniojnteris Oaro'uthcrsi, T. Daintrcci and 
Podezamites clongatus. The Stromherg beds have likewise furnished Bccicra, Schc7icPi, 
and species of Pecopteris, Alcthopteris, &c. This assemblage of ^dants does not include 
Glossojpteris, and indicates a later flora ^nobably of Triassic age. The group may he 
paralleled with the Panchet rocks of India. It has also yielded Dicynodon and other 
reptilian remains. 

North America. -—Rocks which arc regarded as equivalent to the European Trias 
cover a large area in North America. On the Atlantic coast, they are found in Prince 
Edward’s Island. New Brunswick, and Nova Scotia ; in Connecticut, New York, Penn- 
sylvania, and North Carolina ; in Honduras and along the chain of the Andes into 
Brazil and the Argentine Republic. On the western side of the Rocky Mountains they 
reap)pear in Idaho and stretch through California into British Columbia. They consist 
mainly of red sandstones, x)assiiig sometimes into conglomerates, and often including 
sliales and impure limestones. But an imp)ortant distinction may be drawn between 
tlieir development in the eastern and central parts of the continent, on the one hand, 
and along the Pacific slope cii the other. In the latter region it is the x^elagic type of 
tlie system which is developed, in the former it is the lagoon type. 

On the Pacific slox)o and eastwards into Idaho, strata which may represent the Trias 


^ Rep). Austml. Assoc. Sydney, i. (1887), p. 275. 

A. S. Woodward, Mem. (kol. Sum). iV.S Wales, PalmonUUgy, No. 4 (1890), p. 54. 
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are estimated to reacli a tliiekness of sometimes as inncdi as 14,0()0 or 15,000 feet. Tlie 
stages of the system as worked out in the MediteiTaiieaii l)asiM liave lieen more or less 
clearly identified among these strata by means of tlieir fossils. AVhat may be the 
Jakutian stage is found in south-eastern Idaho among the so-called MecJccHxras-lnAii of 
Aspen Mountain, which Meekocc7'aM‘> gracil'itatL% IT. a^ilanatwii, M. 'iiivshharklan'mn, 

and a species of Arcestcs. The same stage api:)ears to occur in the Santa Aiia Mountains, 
California, where a species Eseudom(motis\iY.(i E. da/rai of the Werfcii group, a trachy- 
ostracan ammonite and what is probably a Rhyndwndla have been found. In Hhasta 
County, of the same State, a series of shales with Tradiyceran ?, Entarrestrs, and Psrudo- 
monotis may be Dinarian. Fossils belonging to the Muschclkalk horixon have been 
obtained from the Star Peak Range in Nevada — TrcidiyccraH^ Arrodun'di cents, Euiotao- 
ccras, Arcestes, Orthoccras, genera common to the Trias of the Mediterrani'an ]>rovin(*e. 
The Noric and Garinthian stages of Plumas and Shasta Counti(‘s, Oalifornia, ari^ well 
represented by a large list of fossils, among which twenty or moi-e sj)c<deH ar(^ Ixdictved to 
be identical with or closely related to forms found in tlie Eastern Alps, such as specien 
ot Eutomocems, Juvavites, Scujenites, Tropites (including 2\ suhlmlltUus and torquillutus), 
Tradiyccras, TvroUfes, Nanoiitcs, lEdohici {II. Loomndi, sitpcrbit,)^ and Monotis salinarta. 
The uppermost member of the Trias of California, the Hosselkus limestone, abounds in 
cephalopods. Its upper part, containing Ithahdoceras, T^'opUr.s, PdndnrpUcH aaid IlttherifcH^ 
may possibly belong to the Juvavian stage. ^ The Noric stages has also la'cn found in 
British Columbia. 

In the interior of the Continent, deposits marking inland seas cover vast areas 
from Wyoming to New Mexico. They contain beds of gypsum and rf)ck-salt, nml 
have yielded a few lacustrine or brackish water shells. They oc<!Upy tin} position of 
the Trias, and arc from 600 to 2000 feet thick. It is on tlic Atlauii<t border, liow- 
ever, that the lagoon type of the Trias is best developed. The strata, which represent 
the Triassic water-basins may be traced in separate' areas from Nova Scotia to South 
Carolina. They have long been known and described in Connectiinit, and in the wid(jr 
tract from New Jersey through Pennsylvania and Maryland into \'irginia. The term 
“Newark series ” has been applied to this group of strata, coiisistiug chiefly of I'ed Hand- 
stones, in terst ratified with conglomerate.s, breccias, sliahis, occasional impure limcHtoiicH 
and, in Connecticut, several intercalated sheets of igneous rocks. In tlu! bust- named 
state they have been estimated to be from 7000 to 10,000 feet thick.” 

The flora obtained from these strata presents a general rcsemblaiu'c to that of the 
European Trias. In Connecticut and New Jersey it includes liorHc-tails {Eqtimium, 
Schizoneura), cycads {PterophyUmi, some European specucs), Zamlfm, (Ho:m mites, 
Sphenomenites, Nilssonia poly^noipha, DwanUes), ferns {Eccopteris, Knt rapt (iris, Tivnm- 
ptcris, Clathroptcris) and conifers {(Jhcirolepis).''^ In \drginia, whcr(* two distinct 

^ F. B. Meek, U.A. (Jeol. E.ephr. Fortieth Edrrfld, vol. iv. Part i. ; A, Hyatt, IluU. 
deol. Soc. Amer. iii. (1892) ; Gabb, Ealimntolot/y of (MifurnUt., vol. i. ; J. F. Whitcaves, 
Contributions to Canadian PaUvonidofjy, i. Part ii. p. 127 ; J. P. Smith, Journ. CeuL vol. ii. 
p. 602 ; iii. p. 374 ; iv. p. 385. 

2 Professor Emerson, Mon. U.IT. G. S. xxix. (1898), pp. 351-517. W. M. Davis, 7tk 
Ann. Rep. U.S. G. A. (1888), p. 455 ; 18th A^m. Rep. U.S, (}. K Part ii. (1898), pp. I- 
192. I. C. Russell, Ji. U.S. G. S. No. 85, (1892). W. H. Hobbs, 2U/ Arm. Rep. 
U.S. G. S. 1901, Part iii. pp. 7-162. Numerous other non-oflicial papers have been 
published on the “ Newark .system.” The distribution of the rocks and the theoricH regfinb 
iiig tlieir origin have been .stated by Mr. Rns.sell in the pajicr here e.ited, which also give.H an 
exhau.stive bibliography of the subject. The most recent dLscu.s.sion will Isi found in Mr. 
Hobb.s essay, which contains also a chapter on the tilting and dislocation of tlie Pomeniug 
Valley, and another on the results of the denudation of the region. 

J. S. Newberry, Monograph U.S. Geol. Survey, vol. xiv. (1888), and A mer. Journ. ScL 
xxxvi. (1888), J). 342. 
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Mesozoic floras have heeii preserved, the older appears to he not more ancient than the 
KliSitic stage. So abundant is the vegetable matter in the sandy strata of the series as 
to form seams of workable coal, one of v?hich is sometimes 26 feet thick. The plants 
include species of ScTiizoneura, Madrotmiio^teris, Acrosticliites, Cladophlebis, 

Lcmcho'ptcris, Clathropteris, Pterophyllum^ Ctenoph'ijll%7n, Podozcc'mites. Cyeadites, Zmnio- 
drobusj Raiera, Gheirolepts, &c. Again in Morth Carolina a coal-b.earing formation 
occurs with a similar flora, 41 per cent of the pdants being also found in Yirginia.^ 

The fauna of tlie North American Triassic rocks is remarkable chiefly for the niim- 
})er and variety of its vertebrates. The labyrinthodonts are represented hy footprints, 
from which upwards of fifty species have been described. Saurian footprints have like- 
wise been recognised ; in a few cases them bones also have been found. Some of the 
vertcl>rates had bird- like characteristics, among others that of three-toed hind feet, 
which produced impressions exactly like those of birds (pp. 1089, 1090). But, 
as already remarked, it is by no means certain that what have been described as 
“ oriiithicdinites ” were not really made by deinosaurs. The small insectivorous 
marsupial {Promatharmin) above referred to, found in the Trias of North Carolina, 
is tlie oldest American mammal yet known. 

Section ii. Jurassic. 

This groat series of fossilifexous rocks, first recognised bf William 
Smith in the geological series in England, received originally^ the name 
of “ Oolitic ” from the frequent and characteristic oolitic structures of 
many of its limestones. Lithological names being, lio\\^ever, objection- 
able, the term ‘^Jurassic,” applied by the geologists of France and 
Swibjj^erland to the great development of the rocks among the Jura 
Mountains, has nov' been unirersally adopted to embrace the whole 
series of formations from the top of the Rhsetic strata up to the base of 
the Cretaceous system. 


§ 1. G-encral Characters. 

Jurassic rocks have been recognised over a large part of the world. 
But they do . uot present that general uniformity of lithological character 
so marked among the Palaeozoic systems, especially the older members of 
the series. The lithology indeed can be seen to become more diversified 
as we ascend in. the geological record. The suite of formations now to 
»be described changes as it passes from England across Trance, and is 
replaced by a distinctly different type in Northern Germany, and by 
another in the Alps. If we trace the system farther into the Old World 
we find it presenting still another aspect in north-vrestern India, while in 
America the meagre representatives of the European development have 
again a facies of their own. Hence no generally applicable petrographical 
characters can be assigned to this part of the geological record. 

The flora of the Jurassic period, so far as known to us, was 


^ W. M. Fontaine, Momgr. U.H. Qeol. Surv. vol, vi. (1883). The younger Mesozoic 
flora of Virginia, is probably Neocomiaii {postea, p. 1210). See also Mr. Lester Ward’s 
important memoir on the Status of the Mesozoic Floras of the limited States,” Part i., iu 
mh Ann. Rep. U.S. 9. S, 1900. 
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essentially gymnospermous.i The Palaeozoic forms of vegetation trace- 
able up to the close of the Permian system are here absent. Equisetums, 



Fig. 417.— JuraKsic FeruH (Lower Oolite). 

a, Splienopteris ; h, Tieniopteri.s major, Liiull. and Hutt. (r) ; c, Todites WilliairiHOiii, Broiigri. 
(nat. size and mag.); d, Laccoptoris polypodioides, Broiign. (nat. size and inag.). 


SO common in the Trias, are still abundant, one of them (E. (mmaceum) 

attaining gigantic proportions. Ferns like- 
wise continue plentiful, some of the chief 
genera being (Jlad()phkhi% Cn^iiopttm, I )kij jo- 
phyllmn, Laccoptms, Sa(jmopteri% Sphenopteri% 
Todites, and Timiopteris (Figs. 417,418). Th c? 
cycads (Fig. 419), however, arc the dominant 
forms, in species of Ctmi% Dmmites, Nils- 
sonia, Otozamites, Podozmnites, Ptilozaniites 
Williamsonia, (%c. The family of Gink- 
goacese, represented by the living Ginkgo 
or Maiden-hair tree of China and flapan, 
appeared in the Jurassic forests in species 
of Ginkgo, Bitieni, and Ikania. From the 
upper part of the system in Portugal some 
plants have been obtained, which, if really 
primitive angiosperms, as has been supposed, 
are the earliest known forerunners of the 

^ The entire known Jurassic flora of Britain up to 

PiK. 418 .-JurassicF<,rn-T«niopteris *''® I’ortlandiau stag.; wiu, ostimatel in 

vittata, Brongn. (^). 1882 to comprise between 60 and 70 genera and about 

200 species — a scanty fragment of the whole vegetation 
of the period. Etheridge, Q. G. K 1882, Presidential Address. 
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^^railiar plants of the present time.^ Conifers are found in some numlDers, 
P^^^rticularly the genera Araucarifes, Bmcliyphyllum, Cryptoynerites, Nageopsis, 
^cigiophyllum, Finus, Taxites, and this flora appears to have flourished 
luxuriantly even as far north as Spitzbergen, where the large number of 
cycads gives an almost -tropical aspect to the Jurassic vegetation of this 
Arctic island.^ 

The Jurassic fauna ^ presents a far more varied aspect than that 
of any of the preceding systems. Owing to the intercalation of fresh- 
water, and sometimes even terrestrial, deposits among the marine forma- 
tions, traces of the life of the lakes and rivers, as well as of the land 
itself, have been to some extent entombed, besides the preponderant 
uiarine forms. The conditions of sedimentation have likewise been 



Fig. 419. — Jurassic Cycads (Lower Oolites). 
a, William sonia gigas, Carr(i); h, Otozainites acuminatas, Lindl. and Hutt. (A); 
c, Williamsonia pecteii, Phill. (nat. size and mag.). 


favourable for the preservation of a succession of varied phases of marine 
life. Professor Phillips directed attention to the remarkable ternary 
arrangement of the English Jurassic series.^ Argillaceous sediments are 
there succeeded by arenaceous, and these by calcareous, after which the 

^ De Saporta, Oompt. rend. cxi. p. 812. L. P. Ward, 16^7i A^m. Rep. U.JS. G. 8 . p. 
520. 

^ O. Heer, K. Svensk. Vet. Akad. Handl. xiv. No. .5, p. 1. The Jurassic flora is 
discussed by L. F. Ward in the memoir cited onp. 1111. See also his description of a new 
genus {Cycadella) and 20 new species of Cycadean trunks from the Jurassic rocks of Wyom- 
ing, Froc. Washington^ Acad. 8ci.\. (1900), pp. 253-300. A. C. Seward, “The Jurassic 
Flora,"’ forming part of the Catalogue of Mesozoic Plants published by the Trustees of the 
British Museum, Parti. 1900. Fontaine, Monogr. VI. U.S. G. 8. 1883. 

^ The total Jurassic fauna of Britain np to the top of the Portlandian stage was 
estimated in 1882 to include 450 genera and 4297 species, which is likewise but a small 
proportion of the whole original fauna ; Etheridge, op. supra cit. 

^ ‘Geology of Oxfordshire,’ &c. p. 393. 
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argillaceous once more recur. These changes are more or less local in 
their occurrence, but five repetitions of the succession are to be traced 
from the top of the Lias to the top of the Portlandian stage. Such an 
alternation of sediments points to interrupted depression of the sea- 
bottom.^ It permitted the growth and preservation of different kinds of 
marine organisms in succession over the same areas, — at one time sand- 
banks, followed by a growth of corals, with abundant sea-urchins and 
shells, and then by an inroad of fine mud, which destroyed the corals, 
but in which, as it sank to the bottom, the abundant cephalopods and 
other mollusks of the time were admirably preserved. 

Sponges abounded on some parts of the floor of the Jurassic seas. 
Lithistid genera form thick beds in the Upper Jurassic Spongitenkalk of 
Franconia and other parts of the European continent. Calcareous 
sponges are represented by numerous genera {Peronidella, Cory-nella, &c.). 
Professor Pothpletz has described horny sponges from the Upper Lias of 



Pig. 420.— Jurassic Corals (Middle Oolite). 

Isastrtea heliarithoides, Goldf. ; h, Montlivaltia dispar, Pliill. ; c, Coinoseris irradians, M. Edw. 


Wurtemberg, and more recently an example from the Dogger of the 
Bernese Oberland in which recognisable diatoms were enclosed.^ 

A characteristic feature of the Jurassic fauna is the ablindance 
beds or l^anks of coral. During the time of the Corallian formation, in 
particular, the greater part of Europe appears to have been submerged 
beneath a coral sea. Stretching through England from Dbrsetshire to 
Yorkshire, these coral accumulations have been traced across the Con- 
tinent from Normandy to the Mediterranean, over the east of France, 
through the whole length of the Jura Mountains, and along the 
flank of the Swabian Alps. The corals belonged to the genera Isastrsea, 
Astrocamia^ Thamnastrma^ Anabacia, Thecosmilia, Montlivaltia^ &c. (Fig. 
420). In the Jurassic seas generally Echinoderms were abundant, but 
the types of Palseozoic time had now entirely disappeared. The Crinoids 
were now represented by comparatively few forms, such as the genera 
Peniacrinus (Fig. 421), Millericrinns, and Ajpiocrinus. Among these the 
multiplication of identical or nearly identical parts reaches a climax in 

^ Ante, p. 649. 

D. G. G. xlviii. (1896), p. 905 ; 1900, pp. 154, 388. 
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the Pentacrinus fossilis, which is estimated to have possessed no fewer than 
600,000 distinct ossicles. There were likewise several forms of star-fishes, 
but it is in <^the great profusion of echinoids that the echinoderms now 



Pig. 421. —Lias Crinoids. 

a, Isocrinus IjaKaltiforniis, Goldf. (side view and end view of part of stein) ; 
h, I’entacrinuH fos8ili.s, Blum. (s=l)riareu.s, Mill.) Q). 


begin to be distinguished. Among these the genera AcrosaUnia, Cidaris 
(Fig. 422), Jlemicidaris, Glypticus, Bseudodiadema, Hemipedina^ Nuoleolites 
{EMnohrissus), Clypeus, Fycjaster, Py gurus, and Collyrites were conspicuous. 
Polyzoa of creeping, foliaceous, and dendroid types abound on many 
horizons in the Jurassic system. They include the genera Stomatopora, 
Frohuscina, Berenicea, Diastopora, Idmonea, Spiropmxi, A 2 mmdesia, Ceriopm^a, 
Jleteropora. They occur plentifully in the Pea- 
grit beds of the Inferior Oolite near Cheltenham, 
and Forest Marble near Bath, and still more 
abundantly near Metz and near Caen.^ The 
brachiopods (Figs. 423, 424) continue to decrease 
in importance compared to the prominence they 
enjoyed in Palaeozoic time. So far as known, Fig. 422.-jurassic sea-urchin. 
they chiefliy belong to the Terebratulidae, Rhyn- ^ c'S-aiiSu’ 

chonellidaj, and Thecidiidse, though the Lingulida^, 

Discinidse, and Craniidse still occur as they do in our present seas 
The last of the ancient group of the Spirifers were represented 
^ F. D. Longe, Geol. Mag. 1881, p. 23. British Museum ‘‘Catalogue of Jurassic 
Bryozoa,” by J. W. Gregory, 1896. 
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by Spiriferim and Swssia, which did not outlive the Jurassic period 
The Athyrids also now die out with the genera Amplmhna and 
Koninchella. Among the lamellibranchs (Figs. 425-428) a number of 
still living families now began their existence, such as the Arcidse, 
Anomiidse, Anatinidse, Thraciidse, Oyrenidie, Isocardiidie, Veneridfe, 
Tellinidie,’ Pholadidffi, and Donacidse. Some of the more abundant 
Jurassic genera are Aviciila, Psevdoirmwtis, Amelia, Foddonormja,, Gervillm, 



Fig. 423. — Oolitic BrachioiioilH. 

p, Ehynchonella (Acantliotliyris) spinosa, Scliloth. (i), Lower Oolite ; by Toreliratula Thill ipnii, 
Mor. (i), Lower Oolite ; c, Khynclionella pinguis, Kami., Middle Oolite. 


Ostrea^ Gryphm, Exogyra, Lima, Pecten, Pima, Astarte, Cardinia, Uardium, 
Gresslya, Hippopodkm, Modiola, Pleuromya, Cypina, hocardia, Pholadmmja, 
Goniomya, and Trigonia, Some of these genera, particularly the tribe of 
oysters, are specially characteristic : Gryidima, for example, occurring in 
such numbers in some of the Lias limestones as to suggest for those 
strata the name of “Gryphite Limestone,'’ and again in the so-called 
'' Gryphite Grit ” of the Inferior Oolite. Different species of Trigonia,'^ 



Fig. 424. —Lias BracliiopodH. 

a, Cadomella Moorei, Bav. (nat. sizo and enlarged) ; h, Spiriferina Walcottii, Hl>y. 


a genus now restricted to the Australian seas, are likewise distinctive 
of horizons in the middle and upper part of the system. Of the gastero- 
poda some families that can be traced far back into Palaeozoic time 
and still survive at the present day reached their highest development 

^ This genus affords an instructive example of the remarkable changes of form which 
some genera of shells have undergone. See Lycett's monograph on Trigonia, I^almordu^ 
grajph. Soc. 
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in Jurassic seas. Such were the Pleurotomariidse, Turhinidse, Neritop- 
sidse and Pyramidellidse. The last of the pteropod-like genus Gonularia, 
which attained its culmination in the Silurian period, now finally died 
out in the time of the Lias. The more abundant gasteropod genera. 



Fig 425 .— Liassic Lainellibranchs. 

Grypha^a cymbiu..,. Lam. (i); i, Lima gigaatea, Sby. ft); c Gryphsaa arouata Lam (mcurva, 
Hyl>. 5) ; cl, Hippopodium poaderosum, Sby. (i) : e, Posidonomya Bronnii, Goldf. nat. si e) , 
/, Nucula Hammeri, Defr. 


(Fig 429) in the Jurassic system of Britain are Act^onina, Alaiia, 
Araierleya, CerUhmm, Natka, Nervma, Phurotmaria (nearly eighty species), 
Pseudomelania, Pv/rpuroidea, Trochus, Turbo, and Tw'iitella. 

' W. H. Hudleston and E. 'Wilson, “Catalogue of Britisli Jurassic Gasteropoda," 1892. 
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But the most important element in the molluscan fauna was un- 
doubtedly supplied by the cephalopods. The Ammonites, which reached, 
their climax in Triassic time, though still abundant in Jurassic waters 
were already on the wane. Of the nine families which have been 
observed in the Trias only one (that of the Phylloceratida^) can be traced 
through the Jurassic and Cretaceous formations. Of the dibranchiate 



Fig. 426.--Low<jr Oolitic LainellibraiicliK. 
a, Trigonia navis, Lam. (|); />, Mocliola sowerbyana, I)’<..)rh. (i). 


types the Belemnoidea, which begin in the Trias, rapidly reach a remark- 
able abundance and variety in the Jurassic formations. But they 
decline in the Cretaceous system, and are represented at the present day 
by only a single living genus (Sjpirula), The Sepioidea make their first 
appearance in the Lias (Beloteuthis, Geoteuthis, 'Teuthopsis), and still survive 
in our modern cuttle-fishes. As has been apparent in the foregoing 



a 

Fig. 427. — Micblle Oolitic LHUicllibnmcliH. 
a, 0.strea (Alectryonia) hastellata, Schlotli. (|) ; h, Trigonia clavollabi, Hby. (|), 


description of the Trias, and as will be still more noticeable in the follow- 
ing account of the Jurassic system, the cephalopoda possess a great 
importance to the geologist, for their limited vertical range makes them 
extremely valuable in marking successive life-zones J The .Jurassic forma- 
tions have been divided into a series of platforms, each characterised by 

^ Students interested in the phylogouy of these orgaiiisuis will find a suggestive paper 
by A. Hyatt, “Evolution of the Faunas of the Lower Lias,” in the J'roc. Boston See. Jtfat 
Hist. xxiv. (1888), p. 17. 
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some predominant species or group of Ammonites. In the older part of 
the Jurassic system the genera Aridity, ^goceras, Amaltheus, Harpocems, 
Lytocaras, Oxyiioticents,^ Phyllocems, and Stepheocems are characteristic (Figs. 
441 » 442j 443). Higher up, besides some of these genera, we find 


Fig. 428. — Uiipei’ Oolitic Lamellibranchs. 

a, Kxogyra virgula, D’Orh.; h, Ostrea doltoidea, Sby. (i); c, Astarte liavtwellensis, Sby. (.^) ; d, Proto- 
cardia striatula, Hby. (^) ; c, Trigonia gibbosa, Sby. (^) ; f, Protocardia dissimilis, Sby. (^). 

Oosmoceras, Ferisphindes, Cardiocems, Kepplerites, and Aspidoceras (Fig. 
445), and in the upper parts Ferisphmdes, Olcostephanus, JReinecHa, and 
OppelifL The Belemnites (Fig. 430), like the Ammonites, though in a 
less degree, serve to mark life-zones. 


Fig. 429.~J umsBic Gasteropods. 

a,vNatica hulliana, Lyc. (Lower Oolite) ; h, JNerita costulata, Desb. (Lower Oolite, 
iiat. Hi/e and mag.) ; c, Pleurotomaria reticulata, Sow. (Kimeridge clay, ^). 

No contrast can be more marked th^n between the crustacean fauna 
of the Jurassic and that of the Palseozoic systems. The ancient trilobites 
and eiirypterids are now replaced by., tribes of long-tailed lobsters and 
prawns (Pefum,% Aeger, Eryon, Scapheus, Eryma, Magila^ Ac.) while the 
earliest hrachyurous forms ^ (Frosopon) now make their appearance. 

1 For an account of the Jurassic decapods of North Germany see G. Krause, D. G. G. 
1891, p. 171. 
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These were accompanied by a few Isopods, some of which have been ex- 
cellently preserved in the finer-grained strata (Archseoniscus, Cyclosphmroma). 



Fig. 430. — Jurassic Belemnites. 

a, Belemnites paxillosus, Scliloth. (Lias, i) ; h, B. irregularis, Scliloth. (Lias and Lower Oolite, 
nat. size) ; c. B. hastatus, Blainv. (Middle Oolite). 


Here and there, particularly in the Jurassic series of England and 
Switzerland, thin bands occur containing the rerfiains of terrestrial 
insects (Fig. 431), The neuropterous forms predominate, including 



Fig. 431. — Insects, Purbeck Beds. 

a, &, Wings of Neuropterous Insects (Orthopldebia) (nat. size and mag.) ; c, CaraUdium 
dongatum (nat. size and mag. Brodie, ‘ Foss. Insects,’ pi. ii. and v.) 

remains of dragon-flies, mayflies, and white-ants. There are also orthop- 
terous genera, such as cockroaches, grasshoppers, earwigs, crickets, and 
walking-stick insects. The elytra of beetles, owing to their durability, 
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They belong to still familiar types (Curculionidai, Chrysomelidai, Bupre- 
stidge, Elaterid^, Melolonthidse). The hemiptera ar(i well reiiresented 
even as low down as the Lias. The earliest flies (Diptera) are found in 
the same formation, and they occur in different platforms higher up in the 
system. The earliest ants (Hymenoptera) have likewise ].)een fuiiiished 
by the Lias and the fine-grained upper Jurassic limestones.^ 

In few departments of the animal kingdom was the advent of Mesozoic 
time more marked than among the fishes. The Palaeozoic ty[)es, with 
their lieterocercal tails, had nearly died out. The sharks and rays were 
well represented by species of Acrodus and II/jImhIus, while the ganoids 
appeared in numerous, mostly homocercal genera, such as Lep!(/otii.,% 
DapediuSy Tetragonolepis, Mesodon, Miorodon, Ggrodiis, E‘U[/7iafIui.% CatwruH, 
EuthynotuSj and JPholidopJiorus. A few teleosteans occur ( Ijptokjm, 
Thrissops), 

But the most impressive feature in the life of the Jurassic ])eriod was 
the abundance and variety of. the reptilian forms. Mesozoic, time, as 
already remarked, has been termed the ‘‘Age of Reptiles,” and it was 
especially during the Jurassic period that reptilian. tyi)es reached their 
maximunj development. The ancient order of labyrijithodouts and the 
abundant anomodonts of the Trias disappeared, and their phiecs were 
taken by other new orders which, after a wonderful j)rofusion of types 
had been reached, died out in Mesozoic time. The earliest known 
Chelonia, which come from the Keuper of WTirtemburg {Pr(Hpni(Aidy?)^ 
are succeeded in the upper Jurassic formations by other forms which 
closely resemble living types. Numerous fragments, which may be 
lacertilian, have been obtained from the Purbeck Beds. The Ixines of 
various crocodilian genera occur, such as Tekomurus, .Pdaffostt/rrns^ 
saurus, Mystriosaurus^ and Goniopholis. found in tin*- York- 

shire Lias and the Stonesfield Slate, was a true carnivorous (‘rocodile, 
measuring about 18 feet in length, which ventured perhaps more freely 
to sea than the gavial of the Ganges or the crocodile of tlic Nile. Of 
the long-extinct reptilian types, one of the most remarka})l<i wim that of 
the enaliosaurs or sea-lizards. One of these, the Ichthyamm'im (Fig, 4:i2, a), 
was a creature with a fish -like body, two pairs of strong swimmitig 
paddles, a vertical tail-fin, and a head joined to the body without 
any distinct neck, but furnished with two huge eyes, having a ring 
of bony plates round the eye-ball, and with teeth that had no flistiricfc 
sockets. Some of the skeletons of this creature exceed 24 feet in 
length. Contemporaneous with it was the Plesiosaurus (Fig. 4.12, 
distinguished by its long neck, the larger size of its paddles, the smaller 
size of its head, and the insertion of its teeth in special Boekets, as 
in the higher saurians. These creatures seem to have liaunted the 

shallow Liassic seas, and, varying in species with the siicecHsive ages, 
to have survived till towards the close of Mesozoic time.2 The genus 

1 A. G. Butler, Geol, Mag. x. (1873) p. 2 ; i. 2u(l ser. (1874) p. 446. Sciidder, H. U.S. 
G. S. No. 71 (1891), p. 175, and authorities there cited. 

“ On the distribution of the Plesiosaurs see a table In' G. F. Whidboriii* o J a 
(1881), p. 480. 
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Pliusmrus, related to the las^named, was distinguishable from it by the 
shortness of its neck and the propor- ^ 

tionately large si;ie of its head. Another 
extraordinary reptilian type was that 
of the pterodactyles or hying reptiles 
(Ornithosauria or Pterosauria), which 
were likewise peculiar to Mesozoic time. 

These huge, winged, bat-like creatures 
had large heads, teeth (when present) 
in distinct sockets, eyes with bony 
plates like the Ichthyomurm, the fifth 
finger of each fore-foot prolonged to 
a great length, for the purpose of sup- 
I)orting a membrane for flight, and 
bones, like those of birds, hollow and 
air-filled^ (Figs. 4-33-437). The best- 
known gmnus, rterodadyhis, had a 
short tail and jaws furnished from 
end to end with long teeth. Others were Dimorphodon^ distinguished 



Fig. 433. — Jurassic Pterosaur. 
Scaphognathus crassirostris, 
Goldf. (Mi<ldle Oolite). 



Fig. 434. — Jurassic Deinosaur and Pterosaur. 

■if, -Mfgalosauru.s Bncklaixli (Meyer), tooth (A); h, Megalosaurus, restoration of head, after Owen 

c, IlhamphocejJialu.s Bucklandi (Goldf.), nistonitioii, after Phillips (compare Big. 437); d, Do. tooth 
(lint. Slice); fij Do. Jaw (|). 


especially by long anterior and short hinder teeth, and by the length of 
its tail; lllimnpJiorhyncUus (Figs. 435-437), also possessing a long tail, 

^ See Marsh on wings of Pterodactyles, Armr. Journ. ScL April 1882. The remarkable 
specimen of RhamplurrhyiichuH (R. Mmisteri) from the Solenhofen Slate, described by this 
author (Pigs. 435-437), fiossessed a long, tail, the last sixteen short vertehroe of which 
supported a peculiar caudal membrane which, kept in an upright position by flexible spines, 
must have been an efficient instrument for steering the flight of the creature. The three 
flgures which illustrate this structure were supplied by the late Professor Marsh. 
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with a caudal membrane and having formidable jaws, which may have 
terminated in a horny beak; ScajphofjKuflins, with a massive skull in 
which the teeth stretch along the whole length ; Eluivtp]uHUfh(dii,< and 
Bori/gnatJms. These strange harpy-like creatures were able to fly, to 




shuffle on land, or perch on rocks, perhaps even to dive in Boarcli of their prey. 
The long slender teeth which some of them j)ossessed proliably indicate 
that the creatures lived on fish. Lastly, the most colossal living heirigs 
of Mesozoic time, and, indeed, so far as we know, of any time, i)eIonge(l 
to the ancient order of Deinosaurs, which then attained their rnaximiim 
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development. In these animals, which appeared in the earliest Mesozoic 
ages, ordinary reptilian characters (as already remarked) were united to 
others, particularly in the hinder part of the skeleton, like those of birds. 
It was during the Jurassic period that the Deinosaurs reached their 
culmination in size, variety, and abundance. The 
most important European Jurassic genera are 
(Jomjisognathus, Megalosaurits (Fig. 434), and Ceiio- 
saiirus. In the little Oomj^sogmdhus, from the 
Solenhofen Limestone, the bird-like affinities are 
strikingly exhibited, as it possessed a long neck, 
small head, and long hind limbs on which it must 
have hopped or walked. The Megalosaurus of the 
Stonesfield Sla^te is estimated to have had a 
length of ST) feet, and to have weighed two or 
three tons. It frequented the shores of the lagoons, 
walking probably on its massive hind legs, and 
feeding on the mollusks, fishes, and perhaps the 
small mammals of the district. Still more gigantic 
was the which, according to Phillips, prob- 

ably reached, when standing, a height of not less 
than 10 feet and a length of 50 feet. It seems to have 
l)een amarsh-loving or river-side animal, living on the 
ferns, cycads, and conifers among which it dwelt. ^ 

But these monsters of the Old World were 
surpassed in dimensions by some discovered in the 
Jurassic formations of Colorado. Of these, Bronto- 
murus was distinguished by its relatively short 
body, long neck and tail, and remarkably small 
head. Its legs and feet were massive, with solid 
bones, and it made footprints each measuring about 
a square yard in area. Its length is estimated 
at 50 feet or more, and its weight, when alive, 
at more than 20 tons. In habit it was more or less amphibious, probably 
feeding on aquatic plants or other succulent vegetation. The small h^ad 
and l)rain and slender neural cord indicate a stupid, slow-moving reptile.- 
StegoHtmrus had a remarkably small skull with one of the smallest brains 
in any known vertebrate, short massive jaws, very short, powerful fore- 
limbs, and comparatively long and slender hind-limbs. But its most 
singular character was the possession of numerous dermal spines, some 
of great size and power, and many bony plates of various sizes and shapes, 
some of them more than 3 feet in diameter. Thus armed as well as 
protected, it must have been one of the most uncouth monsters that 
haunted the waters of the time. Yet it was itself herbivorous, and 
appears to have been more or less aquatic in habit. The most colossal 

1 Eestorations of some of these antique types of life were made by Marsh, Amer, Journ. 
ScL 1. (1895) p. 409 seq., and Oeol Mag. (1896), p. 1 seq,. 

2 Marsh, A,iier. Journ. Sci. xxvi. (1883), p. 81. Marsh’s latest lists will be found in 

Monograph No. xxvii. (1896) U.S. G. S. 



Pig. 436.— Jurassic Pterosaur. 
Rhamphorhynehus phyllurus, 
Marsh (Miiiisteri, Goldf.). 
Caudal extremity (nat. size). 
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of all these forms, and, indeed, the most gigantic creature yet Jaiown, was 
that to which Marsh gave the name of AtlimtoHmvrns. It was built on so 
huge a scale that its femur alone is more than 8 feet high, the corres])f)nd- 
ing hone of the most gigantic elephant looking like that of a dwaif, when 
put beside this fossil. The Avhole length of the animal is supposed to have 
been not much short of 100 feet, with a height of 30 feet or moi*ii. In 
the same stratum with the bones of AtUmtoi^anrus were found those of an 
allied gigantic animal, Apatofi(nirv,% which must liave l)een at least 50 feet 
long. Diplodocufi had such weak dentition as to show that the creature 
was herbivorous, probably living on succulent veg^ctation. Moroinnirm 
was marked by the small size of its head for a body about 40 feet long. 
Besides these various herbivorous deinosaurs, th{*re were likewise bii)e(lal 
carnivorous types that preyed upon them. Among these the best known, 
Oemtosaurus, was distinguished by the comparativtdy large size of its skull, 
which was armed with a high trenchant horn and powerful cutting 



Fig. 4:U. —JuraHHic rUsroHaiir, 

IlliurnpUorliynclmH pliyllurus, Mursli (MiiiiHlori) (i), m.ston‘(l by MarKli. 


teeth. The animal was upwards of 20 feet long, and when standing on 
its massive hind feet must have been some 1 2 feet high. (k>ntompor« 
aneous with these huge creatures, however, there existed in Jurassic 
time in North America diminutive forms having; such strt>ng avian 
affinities that their separate liones cannot he distinguished frotn those 
of birds. Professor Marsh, who brought these interesting forms to 
light, regarded them as having lieen in some cases pro])al)ly arboreal in 
habit, with possibly at first no more essential difference from the, l>irds 
of their time than the absence of feathei*s.^ vSuch were the genera to 
which he gave the names of Ilallopus and Nanomurm. JiwptwiuHimi was 
a large swimming reptile, most nearly related to Irlithyosaums^ but withcnit 
teeth. Fantosemrus is believed to have been a true plesiosaur with teeth, 

^ For Marsh’s descriptions of Jurassic Deinosaurs nee -1 ////*/% Jnurfi. t^rJ. xvi, (187S) p. 
411 ; xvii. (1879) p. 86; xviii. (1880) ; xix. (1880) p. 253 ; xxL (1881) p. 417 ; xxii. (1H81) 
p. 340; xxiii. (1882) p. 81 ; xxvi. (1883) p. 81 ; xxvii. (1884) p. 161 ; xxxiv. (1887) p. 
413 ; xxxvii. (1889) pp. 323, 331 ; xxxi.x. (1890) p. 415 ; xlii. (1891) p. 179 ; xUv. (1892) 
p. 347. Monotjrnph l/.S. (L S. No. xxvii. (1896) p. 481. 
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and to have been marine in its habits. There was likewise a small 
crocodile, (Jonioj>JioUs (Diploscmrus). 

The oldest known bird, ArcJuwpteryx (Fig. 438), comes from the 
Solenhofen Limestone in the Upper Jurassic series — a rock which has 
]:)een especially prolific in the fauna of the Jurassic period. This 
interesting organism, which was rather smaller than a crow, united some 
of the characters of reptiles with those of a true bird. Thus it possessed 
biconcave vertebrse, a well-ossified sternum, and a long lizard-like tail, 
each vertebra of which bore a pair of quill-feathers. The three wing- 
fingers were all free and each ended in a claw, and there appear to 



have been four toes to each foot, as in most of our common biids. The 
jaws carried true teeth, as in the toothed birds found in the Cretaceous 
rocks of Kansas.^ llemains of birds have likewise been obtained Trom 
the Upper Jurassic rocks (Atlantosaurus-heds) of the Wyoming region in 
Western America. The best preserved of these, named by Marsh 
was believed by him to have possessed teeth and biconcave 

vertelira* ^ 

The most highly organised animals of which the remains have been 
discovered in the Jurassic system are small formsjvith monotreme and 
marsupial affinities. Two horizons in England have furnished t^se 
interesting relics — the Stonesfi eld^ Slate ^ and ^ the Purbeck beds. The 


1 Bee Marsli, Amer. Jourii. ScL Nov. 1881, p. 337 ; O'eoL Mag. 1881, p. 485 ; Carl 
VoRt, Rev. Sci. Sept. 1879 ; Seeley, Oeol. Mag. 1881, pp. 300, 454 ; W. Dames, SitJ). 
Berlin Akacl. xxxviii. (1882) p. 817 ; Oeol. Mag. 1882, p. 566 ; 1884, p. 418. 

2 Amer. Jouru. Set. xxi. (1881) p. 341 ; also xxii. p. 337. 
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Stoiiesfield Slate has yielded the remains of five genera — Auiphityhis, 
Amjjhilestes, and Fhascolotherium (Fig. 439), prol)al)ly insectivorous, the 
latter resembling the living American opossums ; JvijMheriin/i, re- 
sembling most closely the Australian MynmeoUm ; and Sfm'OfpuifhvH, of 
which the affinities are uncertain. Higher up in the English Jurassic 
series another interesting group of mammalian remains has been o]>tained 
from the Purbeck beds, whence upwards of twenty species have been 
exhumed belonging to eleven genera {Peralestas), 

AmUotherium, Achyrodon^ Kurtodfm, Peramvs, Stylodcm, Jhloddn, Tricoiimlon 



Fig. 43H.— Marsiii)iul from the KtoncsihUd Siatc. 
Phascolotheriuin Bucklandi, liroderip : r/, teeth, inagnilled; h, jaw, iiat. si/e. 



(Triacanthodon), Fig. 440), of which some appear to have been insecti- 
vorous, with their closest living representatives among the Australian 
phalangers and American opossums, while one, PI(fffiaula.i\ r(^senibling 
the Australian kangaroo-rats {IhipdprymunP), was ludd by Owen to have 
been a carnivorous form.^ A still more varied and al)un(lant assemblage 
of mammalian remains has been exhumed from the Jurassic I’ocks of the? 
western regions of 'the United States (p. 1159). 

Geogkaphical DrsTRiBUTiON. — The Jurassic system covers a vast 
area in Europe. Beginning at the west, remnants of it occur in the far 


/j 



Fig. 440.— Maiumals from tho Purlxick BikIh. 
a, Prototheriaii Jjiw of Plagiaulax minor, Falconor (?) ; //, Harms (nat. nizo) ; c, molar (f); 
d, Marsupial Jaw of Tricon odon inordax (Triacaiitliodon Hernila), Ow(*r« (iiat. hi/.o). 


north of Scotland. It ranges across England as a broad band from the 
coasts of Yorkshire to those of Dorset. Crossing the Channel, it encircles 
with a great ring the Cretaceous and Tertiary })asin of the north of 
France, whence it ranges on the one side southwards down the valleys of 
the Saone and Ehone, and on the other round the old crystalline nucleus 
of Auvergne to the Mediterranean. Eastwards, it sweeps through the 

See Falconer, Q. J, fV. K xiii. 261 ; xviii. 348 ; Owen, “ Monograph of MeHOzole 
Mammals,” Palmniograph Boc. 1871 ; ‘Extinct Mammals of Australia,’ 1H77 ; Marsh in 
the papers cited {postexi, p. 1159). 
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Jura Mountains (whence its name is taken) up to the high grounds of 
Bohemia. It forms part of the outer ridges of the Alps on both sides, 
rises along the centre of the Apennines, and appears here and there over 
the Spanish peninsula. Covered by more recent formations, it underlies 
the great plain of northern Germany, whence it ranges eastwards and 
occupies large tracts in central and eastern Kussia. Neumayr, following 
up the early generalisation of L. von Buch, maintained that three distinct 
geographical regions of deposit, marking diversities of climate, can be 
made out among the Jurassic rocks of Europe.^ (1) The Mediterranean 
province, embracing the Pyrenees, Alps, and Carpathians, with all the 
tracts lying to the south. One of the biological characters of this area 
was the great abundance of Ammonites belonging to the groups of Hetero- 
phylli (Fhyllocems) and Fimbriati (Lytocems), and the presence of forms 
of Terehratula of the family of T. diphya (janitor). (2) The central European 
province, comprising the tracts to the north of the Alpine ridge, includ- 
ing France, England, Germany, and the Baltic countries, and marked l)y 
the comparative rarity of the Ammonites just mentioned, which are 
replaced by others of the genera Asjpidoceras and O^pdia, and hy 
abundant reefs and masses of coral. (3) The boreal or liussian province, 
comprising the middle and north of Eussia, Petschora, Spitzbergen, and 
Greenland. The life in this area was less varied than in the others ; in 
particular, the widely distributed species of Oppelia and Aspidoceras of 
the middle -European province are absent, as well as large masses of 
corals, showing that in Jurassic times there was a perceptible diminution 
of temperature towards the north. 

Neumayr subsequently extended these three provinces into homoiozoic 
zones or belts stretching round the globe, and showing the probable dis- 
tribution of climate and life during Jurassic and early Cretaceous times. 
(1) The Boreal Zone descends as far as lat. 46*^ in North America, whence 
it bends north-eastwards, coming as high as lat. 63"^ in Scandinavia; but 
then taking a remarkable bend towards the south-east across Russia, the 
Kirghiz Steppes and Turkestan into Tibet,, about lat. 29° N. and long. 
85° E. This curious projection is explained by the fact that the fauna of 
the Jurassic rocks of Tibet, Kashmir and Nepal, though peculiar, has 
greater affinities with that of the ])oreal than with that of more southern 
zones. The boreal zone is divisible, as far as yet known, into three 
provinces, the Arctic, Russian and Himalayan. (2) The North Temperate 
Zone reaches to about lat. 33° in North America. In Europe its limits 
are more precisely defined. It extends from Lisbon across the Spanish 
tableland to the west end of the Pyrenees, thence across the south of 


^ Neumayr, ‘‘ Jiira-Stiulien,” Jahrh. (ieol. Reichsccndali, 1871, pp. 297, 451 ; Verliandl. 
Ueol. Reichsanst. 1871, p. 165 ; 1872, p. 54 ; 1873, p. 288. “ Uber climatisclie Zoneii 

walireiid der Jura- und Kreidezeit,” Denksch. Wien. Akad. xlvii. (1883), jj. 277. ‘Die 
geograph is che Verbreitung der Juraformatioii,’ dt. 1. (1885), p. 57. In these memoirs 
the student will lind much interesting speculation regarding zoological distribution, organic 
progress, and vicissitudes of climate during the Jurassic and Neocomian periods. Tlie last 
meinoir contains two suggestive maps of Jurassic geography. Consult also Suess’ “ Antlitz 
des Erde.” 
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France and along the north side of the Alps to the north end of the 
Carpathians, bending southward so as to keep to the north of the Black 
Sea and Caucasus, and then striking south-eastwards into the Himalaya 
chain, where it is nearly cut off by the extension of the Boreal Zoiui just 
mentioned. In this zone four provinces have been recognised — the middle 
European, Caspian, Punjab, and Californian. (3) The Equatorial Zone 
extends southwards to the southern end of Peru, and does not include 
the extreme southern coasts of South Africa and Austr“alia, which with 
the remaining part of South America, lie in the South Temperate Zone. 
In the Equatorial Zone, seven provinces are more or less clearly defined ; 
the Alpine, Mediterranean, Crim-Caucasian, Ethiopiati, (Columbian, Cailb- 
bean (?), and Peruvian. The South Temperate Zone is allowed four 
provinces : the Chilian, New Zealand (?), Australian, and Cape. 

By carefully collecting and collating the evidence furnishtul by the 
discovery of Jurassic rocks in all parts of the world, Neumayr believed 
himself warranted to give a sketch of the probable geographical distri- 
bution of sea and land during the Jurassic period, and evcri to reduce the 
data to the form of maps. He thought there was sufficient j)roof of tlie 
existence of three great oceans partly coincident with those still (‘.xisting 
— the Arctic Ocean, the Pacific Oce<an, and the Antarctic Ocean. A 
central Mediterranean stretched across the narrow ]>art of the American 
Continent, and traversing what is now the North Atlantic, s\v(‘pt all over 
central and southern Europe, the present Mediterran(ia,n S(‘,a, and thci 
north of Africa. It joined the Arctic Ocean in the liussian plain, sent 
various arms into Asia, and passing across central India stretcluul Hf)Uth“ 
wards to the Antarctic Ocean. A long and wide branch ext(md(;d between 
Africa and a supposed mass of land connecting southern Africa, Mada- 
gascar, and southern India. The chief terrestrial areas of the period, 
according to Neumayr, were the African-Brazilian continent, extending 
across the southern Atlantic ; the Chinese- Australian continent, extending 
from the north of China over the south-east of Asia to Tasmania and 
New Zealand; the Nearctic continent, extending from soutlrc'.aHtern 
Greenland and Iceland across the North Atlantic to the Gulf of M(ixico ; 
the Scandinavian island, the European Archipelago, consisting of 
numerous insular tracts dotted over the Jurassic sea from Ireland on the*, 
west to southern Russia on the east ; the Tui’anian island, lying to the 
east of the Caspian ; and the Ural island, on the site of the Ural 
Mountains. But much of this geography rests on slender tnddene^^ One 
of the most remarkable facts pointed out by Neumayr is the exterit of 
the oVerlap of upper Jurassic rocks upon lower members of tlie system. 
He showed that the Lias was not deposited over an enormous part of the 
earth's surface, which nevertheless sank beneath the sea wherein later 
parts of the Jurassic series were laid down. 
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Britain.^ Ihe stratigr<apliiL‘al succession of tlie Jurassic rocks was first worked 
out in England by "W illiam Sinitli, in whose hands it was made the foundation of strati- 
grapliieal geology, llic terms adopted by him for the subdivisions he traced across 
the country have passed into universal use, and, though some of them are uncouth 
Lnglish provdncial names, they are as familiar to the geologists of other countries as to 
those of England. 

Ihe Jurassic forniatioiis stretch across England in a varying band from the month of 
tlu'! Tees to the coast ol Dorsetshire. They consist of sands, sandstones, and limestones 
interstratitiod witli softer clays and shales. Hence they give rise to a characteristic type 
of scenery, ^ — the more durable and more porous beds standing out as long ridges, some- 
times even with low dills, while the clays underlie the level spaces between. Arranged 
in dcscemling order, the following subdivisions of the English Jurassic system are 
generally recogniHe<l : — 


Fornuitious Groups oi‘ 
or Series. Staj^es. 



I Piirbeckiau 

I Portland iaii 
Kiineridgian 
I ( !oralliau 

I Oxfordian 


Bathoiiiaii 
(Oreat or Batli 
Oolite group. ) 

Fiilloniau 




Bujociau 
(Inferior Oolite) 



(Upper Lias 
■ Middle Lias 
I Lower Lias 


Maxiinum 


fc)ub-g:roui»s or Sub-stages. thicknesses 

Feet. 

f Upper fresh-water beds . ) 

- Middle marine beds • ' • • • • 

I Lower fresh-water beds . ) 

f Portland Stone 70 

\ Portland Sands . . . . . .150 

Kimeridge Clay ...... 600 

Coral Rag, Coralline Oolite, and Calcareous Grit 250 

Oxford Clay and Kellaways Rock . . . 600 

f Cbnihrash. This forms a persistent hand at 
the to]! of the lower or variable (marine and 
estuarine) group . . . . . .25 

Forest Marble and Bradford Clay . . .160 

X Great or Bath Oolite, with Stonesfield Slate . 130 

Fuller’s Earth . . . . . .150 

j' Cheltenham beds (thick estuarine series of York- 
I shire, representing the whole succession up to 
I the base of the Cornhrash) . . . .270 

t Northampton Sands (‘'■Dogger^ of Yorkshire) . 40 

Mid ford Sands (passage beds) 


. 70 to 200 

60 to 345 
. 485 to 960 


* Of British Jurassic rocks the student will find the fullest account in the Geological 
Survey Monograph on these rocks in England in five volumes, viz., C. Fox-Strangways, 
‘Yorkshire,’ 1892, 2 vols. H. B. Woodward; ‘England and Wales, Yorkshire excepted,’ 
3 vols. 1893-95. Reference should al.so be made to previous descriptions, especially to 
Phillips’ ‘(Geology of Oxford and tlie Thames Valley’; Tate and Blake’s ‘ Yorkshire Lias’ 
(1876); Hudlestoii’s ‘‘Yorkshire Oolites,” in OeoL Mag. 1880-84, and Proc. Geol. Assoc. 
vols. iii. to V. ; R. Etheridge, Presidential Address, Q. J. G.S 1882 ; Woodward’s ‘Geology 
of England and Wales’; S. B. Buckman, Q. J. G. /S', xlv. (1889) ; xlvi. (1890) ; xlix. (1893) ; 
li. (1895) ; liii. (1897) ; Ivii. (1901), and to numerous Sheet Memoirs of the Geological 
Survey relating to the districts of the country where the J urassic rocks are exposed ; 
such as “The Geology of Cheltenham” by E. Hull, and “The Geology of Rutland” by 
J. W. Judd. The fossils of the different formations have been copiously discussed in the 
Memoirs of the PaheontQgraph’ical Society, as in Morris and Lycett’s ‘Mollusca from 
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Altlioiigli these names appear in tabular order, as expressive of wliat is the predomi- 
nant or normal succession of strata, considerable differences occur when tlie rocks are 
traced across the country, especially in the Lower Oolites. Thus the Inferior Oolite 
consists of marine limestones and marls in Gloucestershire, but chiefly of massive estuar- 
ine sandstones and shales in Yorkshire. These differences help to bring before us some 
of the geograi)liical features of the British area during the Jurassic period. 

I. The Lias,^ consists of three stages or groups, well marked by physical and palaeon- 
tological characters." In the Lower member, numerous thin blue and brown limestones, 
with partings of dark shale, clay, or marl, are surmounted by other similar argillaceous strata 
with occasional nodular limestone Imnds. The Middle Lias consists of argillaceous and 
ferruginous limestones (Marlstoiie) with underlying niicaceons sands and clays. In 
some of the midland counties, but more especially in Yorkshire, this subdivision is 
i*einarkabh.i for cmntaiuing a thick series of beds of earthy carbonate of iron (Ironstone 
H(iri(5H), whicJi lias been extensively worked in tlie Cleveland district. The Upper stage 
is c.ompo.sed of clays and shales with nodules of limestone, surmounted by sandy 
deposits which are j^erhaps best classed with the Inferior Oolite. In Yorkshire it 
(ionsists of about 240 feet of grey and black shale, in the upper part of which lies a 
dark hand full of jiyritous “doggers” (ironstone concretions) and blocks of jet, which 
arc extracted for the manufacture of ornaments. This jet ap])ears to have been 
originally water-logged fragments of coniferous wood.^ 

These three stages are subdivided into the following zones according to distinctive 
spc^cics of Ammonites (hlgs. 441-443), though the zones are not so definite in nature 
as in [lahcontological lists : — 


the Great Oolite’; Davidson’s ‘Oolitic and Lias.sic Brachiopoda ’ ; Wright’s ‘Oolitic 
Mchiuodermata ’ and ‘ Lias Ammonites ’ ; Owen’s ‘Mesozoic Reptiles ’ ; ^ Mesozoic Mammals,’ 

‘ Wealden and Ihirbeck Reptiles ’ ; Hudleston’s ‘ British Jurassic Gasteropoda ’ ; Buckrnan’s 
* Inferior Ofilite Ammonites. ’ Much informatiou will likewise be obtained from the catalogues 
published by the Trustees of the Museum, such as the ‘Catalogue of the Fossil Reptilia and 
Arnpliihia’ hy 11. Lydekker, that of the Fossil Fishes, by A. Smith Woodward, that of the 
FoHsil Cejjhalopoda by A. H.^Foord and G. C. Crick; ‘The Jurassic Bryozoa,’ hy J. W, 

(rregory; “The Mesozoic Plants — The Jurassic Flora,” hy A. C. Seward. For the 

pahoontological zones reference should he made to the original memoirs by Oppel (‘Die 
Jiiraformation Euglauds, Frankreiclis und Deutschlands,’ 1856-58) and Quenstedt (‘ Ber Jura,’ 
1858). 

‘ This word, now so familiar in geological literature, was adopted hy William Smith 
who found it given by the Somerset quarrymeii to the “layers” of argillaceous limestone 
forming a part of the series of rocks to which the term is now applied. 

^ The Lias of Yorkshire is fully described by Mr. C. Fox-Straiigways in tlie first 

volume of the monograph above cited : and that of the rest of England and Wales by Mr. 
H. B. Woodwanl in the third volume. 

•* G. Fox-Strangvvays, Mem. (Hoi. “Scarborough and Whitby ” (1882), p. 21. 

Wright on Liassic Ammonites, Palceontograph. Soc. and Q. J. G. aS'. xvi. 374 ; C. H. 
Day, op. r.iL xix, p. 278 ; Etheridge, op. dt. xxxviii. (Address). As the zones are not 
generally defined by lithological features they cannot be satisfactorily mapped. On the 
maps of the Geological Survey the base of the Middle Lias is perhaps not drawn uniformly 
at, one. ])alaiontological horizon ; but it generally corresponds with the base of the Margaritatiis 
zone (S(;e Judd, ‘Geology of Rutland,’ pp. 45, 89). Considerable differences of opinion 
have arisen as to the application of the modern generic names of the huge family of 
Ammonites. The terms assigned in this and the succeeding Parts of Book VI. are given on 
the aiitlimdty of Mr. PL Woods, Woodwardian Museum, Cambridge, who has been good 
miough to revise the lists. 
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Zone of Lytocerns jurense. 

Dactyliocera.s coniiaune. 

Harjjoceras falciferuui, H. serpen tiiius and 
Hilda ceras bifroiis. 

Dacty lioc era.s an mil at u m. 

Paltoplearoceras spinatu m. 

A m a 1 1 li e II .s n i a r g a r i t a t ii s . 

Liparoceras Henleyi, JEgoceras capricormi, 
Her oceras Daroei, and Lytoceras ti m briatiini. 
Pliyllocera.s ibex. 

..^goceras Jamesoiii. 

Deroceras armatum. 

Caloceras raricostatiiin. 

Oxy not ic eras oxyiiotuiii. 

Arietites ohtusiis, Arietites (Asteroceras) stel- 
laris, and ^goceras planico.statiini. 

Arietites Turiieri and Ariiioceras seinicostatiira. 

,, Bucklaiuli. 

Sell lotheimia angiilata. 

Psilocera.s planorbe. 
eoiiforinably on the Wliite Lia.s and Aricida conUMa beds (p. 1094). 


The organic remains of tlie Ilritish Lias now- include about 350 genera and more than 
six times that number of species. The plants comprise leaves and other remains of 
cycads {Cycccditcs, Cycadeoidea, Ftilozmiites, Otozamites), conifers {BraUi'ifpkylluvi, 
PagLOjoJiylkovi), fetus (Clat?bropterL% LojniUojpteris, Mcccrotssniopteris), and mares’ tails 
{Rquisetites). These fossils serve to indicate the general character of the flora, which 
seems now to have been mainly cycadaceous and coniferous, and to have presented a 
great contrast to the lycopodiaceous vegetation of PaUcozoic times. The occurrence of 
land-plants dispersedly throughout the English Lias shows also that the strata, though 
chiefly marine, were deposited within such short distance from shore, as to receive 
from time to time leaves, seeds, fruits, twigs, and sterns from the land. Further 
evidence in the same direction is supjplied by the numerous insect remains, which have 
been obtained principally from the Am. Ilaiiurbis-zoiie of the Lower Lias. These were, 
no doubt, blown off the land and fell into shallow water, where they were preserved in 
the silt on the ■ bottom. The hTeuroptera are numerous, and include eight or more 
specie.s of Ortho^^hlcMa. The coleopterous forms comprise a number of herbivorous 
and lignivorous beetles &c. ). There were likewise representatives 

of the iieiiropterous {Lihelhola, Hetci'opiJUehici), dipterous (Asilics) and orthopterous 
{Mesohlattincc, Jilattina) orders. These relics of insect life are so abundant in some of 
the calcareous bands that the latter are known 'as insect-beds.^ \\Tth them are 
associated remains of terrestrial plants, cyprids, and molhisks, sometimes marine, 
sometimes apparently brackish- water. 

The niariiie life of the period has been abundantly preserved, so far at least as 
regards the comparatively shallow and jnxta- littoral waters in which the Liassic strata 
were acciminlated.^ Toraminifera abounded on some of the sea-bottoms, the genera 
Cristellarici, Marginulina, FrowUmlarm, Hodosarm, De'iitalma, PolymoTphinci, and 
Vagimdina being the more important. Corals, though on the whole scarce, abound 
on some horizons, Astroccenia, Ketermtnm, Isastrma, Montlivaltia, Stylastrmc, and 
Ikecosmilia being the genera that present the largest number of species. The crinoids 
w^ere represented by thick growths of Isocrimts and Pentacrinus. There were brittle- 
stars, .star-hshes, and sea-urchins [Ophium, Plwniaster, Luidia, Hemiipedina, Ctdaris, 


1 Brodie, Proc. 6feol. JSoc. 1846, p. 14; Q. J. G. S v. 31 ; ‘History of Fossil Insects,’ 
1846. See Scudder, B. U.K G. S. Ho. 71 (1891), pp. 98-236, for a list of all known 
Mesozoic insects, and refereiiees to the authorities for the description of each species. 

‘■2 See R. Tate, “Census of lias Marine Iiivertebrata, ” GeoL May. viii. p. 4. 
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■Icrosalenia) — genoiiLai y 


Fj}4. Ul.-~ho\wr Lias AmuioiuUw. 

. .X r/ -x fthtiimiK Hhv. (h); Arirtilw HurklJunli, Kl*y. 

Chlocnnis nincosfcaUuri, /int (-i), n taaii. rhe, Hl.v. ; f, Hchlr»th«iniifi 

(|) ; (I, Oxynoticoras oxyiiotnin, Qiu*nHt. (a)» S < plan , 

aii<j;ulatu, Schlotli. (i). 

annelids were represented hy Hn-pulu (about a doa-n speeies) and AmmiK 

the inacronrons ernstaeea, the more IVe.iueiit genera air hnjon, hlyphio.", and hnjma. 
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the ostracods being represented more particularly by species of Bcunlia, Cytherc, and 
CytliGrella. 




Fig. 442. — Middle aixl Lower Lias Ammonites. 

(/, A-inaltheus niargaritatus, Mont. (J); h, Paltopleuroceras spinatnm, Briig. G) ; r, Deroceras 
Davcei, Sby. (1); d, ^Egoceras capricornu, Schlotli. (i); e, jE. Jamesoni, Sby. Q);f, Platy- 
pleurocems brevi.spinum, Sby. (i)- 

Tbe bracbiopods appear chiefly in the genera Rhynchonellco, WaJdheimm, Sjgiriferina, 
Thecidium, and Terehratula. Bjoiriferma^ the last of the Spirifers, is represented by 1 1 
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species, one or two of wliich ascend to the top of the Upper Lias. With it art* 
associated the last forms of the Strophomeiiidje, of whi(di Liassie sj>e(‘i<‘H from Kn<;lish 
localities (Fi^. 424) have heen referred to tlie genus (Jt((l(j 7 U('//(( (allwA to }. Otlier 

genera are C/miia, iJisciiiff, lAnf/ida, Koniiickdla^ Pucssia, and Zdlanitt. Of the himel- 
libranclis a few of tlie most cliaracteristic genera are Pndni, Lituft, A viruht, Oniphnui, 
GervUHa^ Oslrctt, FUcatula^ Modida, Cardin'm, Nmuhtna {Ledn), Tnipcdutti 
cardia), Astarta, Flcnromya, Hijipopoditi m, and PkoUahyniiin . ( lasteropods, tlmugh 

usually rare in such muddy strata as the greater part of th<^ Lias, occur almndantly in 
some of the calcareous zones. The cliief genera are JctiVonin((, A nthrrhnju, lUmnjuvtia^ 
Cerithiuvi, CrypUrma, Diacohdb;, PJeurotomaria (uiiwards of ‘JO specii'S-, TnudniH (40 
or more species), Turbo (upwards of 30 H])ecies), Tvrritdhi^ and OeuftiliuiH. 



Fig. 4411.— Upper l.inK AimnonitcH. 

(', Dactyliocenis comiumie, Hby. (s); //, hytfK-enw.jnrenwe, 'AU’tfU (,».,) ; * , 
se.rpeiitimnii, Reiueckfi(l); //, PhylRKreran UetcrophyHniii, Hhy. 


The cephalopods, however, are the most uhundant and characteristic sindL of the 
Lias ; the families of Ammoiutes being particularly <*onHpieuouH. Many of tlii^ 
English species are the same as those tliat have been foumi in the Jura.HNi*' Hcrie.H f»f 
Germany, and they occupy on the whole the same relative hori/oiin, wi that over 
central and western Europe it has been possible to group the Lian into ftie viinorw 
zones given in the foregoing talde. Tlw jd^ifon rus, Arbidfs, md Sdildhrintia 

are spe.cially prominent in the Lower Lia.s. The Middle division in more parthndiirly 
characterised by spe^cies ol A'iudlthcus^ though !/(i.QnM't'rf(.s^ fyybwj'ruH^ and other genera 
also occin*. The Upi)er Lias is marked l)y tln^ i»rominciicc of IlarptHrrm, HildmTrm, 
Lytocems, Ilaufiia, (dramvwceras, JHuiioHierui, Ac. Of the genim A'a.uiiiu-M about ten 
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species have been found. The dibrancliiate ceplialopods are represented by at least 50 
species of the genus Belemnites, and by Xiphotmthis and Geoteuthis. 

From the English Lias numerous species of fishes have been obtained. Some of . 
these are known only by their teeth, others by both teeth and spines, while the 
ganoids frequently have the whole exoskeleton preserved. The selachian genera most 
commonly met with are Acrodus and JSyhodits. The most frequent ganoids are 
Dapedius, Pholidophorus, PacTiycormus^ Eiignatlms^ and Ptycholepis. The teleosteans 
are represented by Leptolepis. But undoubtedly the most remarkable paleontological 
feature in this group of strata is the number and variety of its reptilian remains. 
The pterosaurs are represented by Dimorpliodon and Scaphognathiis, and the deinosaurs 
by Scelidosaurus, Of the ichthyosaurs the Lower Lias, especially in Dorset, has 
furnished about ten distinct species, and of the plesiosaurs at least a dozen species, 
besides species of Eretmosa^ci'us and Thaumatosaurus. In some cases entire skeletons 
of these creatures have been found with almost every bone in place, and more or less 
complete specimens of them are to be seen in many public museums. True crocodiles 
have been met with in the Upper Lias {Pelagosaurus, Ste'neosaurus). 

The Lias extends continuously across England from the mouth of the Tees to the 
coast of Dorsetshire. It likewise crosses into South Wales. Interesting patches 
occur in Shropshire and at Carlisle, far removed from the main mass of the formation. 

A considerable development of the Lias stretches across the island of Skye, and skirts 
adjoining tracts of the west of Scotland, where the shore-line of the period is partly 
traceable ; while small portions of the lower division of the formation are exposed 
on the foreshore of the east of Sutherland, near Dunrobin. In the north of Ireland, 
also, the characteristic shales appear in several places from under the Chalk escarpment. 
That these portions of the Jurassic series, together with the Avicula contorta-zone below 
and some of the Chalk above,*, once extended north-eastwards into the basin of the 
Clyde is proved by the discovery, made by the Geological Survey, of large masses of 
fbssiliferous strata which have fallen into an extensive volcanic vent of Tertiary age in 
the Isle of Arran. ^ 

II. The Loweii Oolites ^ lie conformably upon the top of the Lias, with which they 
are connected by a general similarity of organic remains, and by about 45 species which 
pass up into them from the Lias. In the south-west and centre of England they chiefly 
consist of shelly marine limestones, with clays and sandstones ; but, traced northwards 
into Northampton, Rutland, and Lincolnshire, they contain not only marine limestones, 
but a series of strata indicative of deposit in the estuary of some river descending from 
the north, for, instead of the abundant cephalopods of the truly marine and typical 
series, we meet with fresh -water genera such as Cyrena and Unio, estuarine or marine 
forms such as Ostrea and Modiola^ thin seams of lignite, thick and valuable deposits of 
ironstone, and remains of terrestrial plants. These indications of the proximity of land 
become still more marked in Yorkshire, where the strata (800 feet thick) consist chiefly 
of sandstones, shales with seams of ironstone and coal, and occasional horizons containing 
marine shells. It is deserving of notice that the Cornbrash, at the top of the Lower 
Oolite in the typical Wiltshire district, though rarely 20 feet thick, runs across the 
country from Devonshire to Lincolnshire and Yorkshire. Thus a distinctly defined 
series of beds of an estuarine character is in the north homotaxially representative 
of the marine formations of the south-west. At the close of the Lower Oolitic period 
the estuary of the northern tract was submerged, and marine deposits were laid down 
across England. 

^ SwmAnary of Progress of Geol. Surv. for 1900; B. N. Peach, W. Guim, and E. T. 
Newton, Q. J. G. S. Ivii. (1901), p. 126. 

^ For an excellent account of these rocks in their typical development see vol, iv. of the 
Geol. Survey Monograph by Mr. H. B. Woodward, and for the Yorkshire district, vol. i. by 
Mr. C. Fox-Strangways. 
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This section of the Jurassic system is subdivided into tlie following groups of strata 
and palseontological zones in descending order (Fig. 444) :-~ 


Cornhrash . 


Forest Marble and 
Bradford clay 
G-reat Oolite and 
Stonesfield Slate 
Fuller’s Earth 


Inferior Oolite 


Mid ford Sands 

(passage - beds 
into the Li.as 
below) 


Zone of Macrocei)halites macroeephalns, with (M.mi 
JlabeLloide.% Tcnbmiulii inUnnedia^ WiihUmmitt 
ohomtaj W. la gen alia, 

,, Oj)peli a? discus, with Ostrm SinrrrhgL 

,, Perisphinctes arbustigeriiH, with Jklemnites 

hessinuH and Terehratula 'nutxillaUt, 

,, Macrocephalites subcontraetus, with lldemn^ 

Ostmt, aeu/ninaU/, and Wdidheimia 

carinala. 

,, Parkinsonia Parkinsoni, Stepheoceras hum- 
phriesiaiiuin, Ludwigia M urtdi i.sonu*,, with 
Heleitva. aalcuHis, (tryphiva. HublidniUt^ Terehraiida 
glohaia^ T.Jimln'ia, anti Waldlifiniitt eaidnaiit. 

,, Lioceras oj)alinuin, Li/fnreraH Jn/rjise, with JfUii/n- 
eh(rn.ella cynnce/dadd tuid 'reiu’bnthfht infra’' 
onlifieu. 



Fig. 444.— Lower Oolite! AinmoiiiUm. 

a, Macrocephalites macrocephalus, Schloth. (0; ParkiiiHorijii Parkiiwtntl, Hf»y. (|); r, Htuphwwi'ma 
humphriesianmn, Sby. (0; d, Ludwigia Murchlsonus Hl>y. (\); #, Lkx-fmM opaHtmm, Itfin C|>; 
/, Lytoceras toriilosuin, Ziet. (J). 


The English Lower Oolites show considtjrablo local variation in tlicir 
They are typically developed in tlie south-western coimties, hut the liriiiwtoniis and 
clays pass laterally into sands. The lowest group, that of the M Id ford 8andii, 
sometimes placed with the Lias, consists of yellow ndc’-aeccnis Hands, with some 
concretionary sandstone and sandy limestone, and ranges from 25 to 200 foot in 
thickness. A ferruginous limestone at its top in (iloueestiu'shire cjontnirifi so many 
Ammonites, Belemnites, and Nautili, that it has fjeeai cmlled the Cephalo|aMlA bed/* 
Two Ammonite zones may be recognised in this group, viz. : 
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Zone ofLioceras opaliniim. 

„ Lytoceras jurense. 

Among tlie other cliaz*acteristic fossils are Grcwiniatocems aaleiise, Pleurolytoceras 
hircinum, iJuhiortleria Tadici7iSj Haugia 'oariahilis^ JBelemnites compressus, B. irregularis, 
Oresslya ahducta, Ti’igonia Ranisayi^ Gernillia Harttruinni, Rhynchonella cynocephala. 

The Inferior Oolite (Bajocian)^ attains its maximum development in the 
neighbourhood of Cheltenham, where it has a thickness of 264 feet, and consists 
of calcareous freestone and ragstone or grit.^ It jn’esents a tolerably copious 
suite of invertebrate remains, wliich resemble generically those of the Lias. The 
corals include species of Isastrssa^ Montlinaltia, and other genera. The crinoids are 
represented by Pentacrinus, Apiocrimis, &c. ; the star-fishes by species of Astropecten, 
Solmter,mi\ Sicllaster'^ ; the sea-urchins by species of Acrosalenia, Cidaris, Clypeus, 
JYucleolites {Ediinolrmiis), Hemicidaris, Hemipedina, Pseiidodiaderrm, Pygaster, Stom- 
echimts, kai. The predominance of Rhyudiomlla, Waldheimia, and Terehratula over 
the rest of the brachiopods becomes still more marked. Area, Astarte, Aricula, 
Gervillia, Gryphnia, Lima (upwards of 40 species), llodiola, Pleuromya, Ostrea, Pecten 
(uj)wards of 40 species), Pholadomya, Tancredia, and Trigonia (60 species) are the 
moat common genera of lamellibranchs. The gasteropods are abundant, especially in 
the genera Actmmi'iut, Alaria (more than 30 species), Botergueiia, C^rithium (upwards 
of 40 species), JYatica, Ncrirtsea (more than 40 species), Pleurotomaria (between 30 and 
40 species), Pse/udomelania, Trochus, Turbo. The cephalopoda, as in the Lias, continue 
to be abundant and to furnish a valuable basis for the stratigraphical subdivision of the 
strata. Nearly 200 species of Ammonites have been obtained from this formation, and 
from these it has been subdivided into the following palceontological zones in descending 
order : ^ — 

Zone of Parkins onia Parkinsoni, with Oppelia subradiata, Terehratula 
glohala, Rhynchonella suhtetrahedra, &c. 

Zone* of Stepheoceras humx:>hriesianuni, Qoeloceras Blctgdeni, Perisphinctes 
Martinsii, WaldheiDiia carinata, &c. 

Zone of Ludwigia Murchisonae, with sub-zone of Sonnmm Sowerbyi in upper 
part, Lioceras concaviwi, Terehratula Jimbricc, T. simplex, T. plicata, &c. 


The component strata of the group are subject to great variations in thickness and 
lithological character. The thick marine series of Cheltenham is reduced, in a distance 
of 30 or 40 miles, to a thickness of a few feet. The limestones pass into sandy strata, 
so that in parts of Northamptonshire the whole of the formations between the Upper 
Lias Clay and the Great Oolite consist of sands with beds of ironstone, known as the 
Northampton Sand. The higher portions of the sandy series contain estuarine shells 
{Oyrena) and remains of terrestrial plants. In Yorkshire the Great Oolite series 
disappears (unless its upper x>art is represented there by the “Upper Estuarine series ), 
while the Inferior Oolites swell out into a great thickness and are composed of the 
following subdivisions in descending order : «, 


1 Bo named by B’Orbigny in 1849 from Bayeux in Calvados, where the formation is well 

developed. * . . -d i 

This subdivision of the system has recently been treated in great detail by Mr. Buckmau 

in the series of papers in the Q. J. S. G. cited on p. 1131. 

On the Ammonites of these zones, see S. S. Buckmaii, Q. J. G. S. (1881), p. 588. 

^ Thillips’ ‘Geology of Yorkshire.' Hudleston, Geol. Mag. (1880), p. 246, (1882), 
p. 146: Ptoc. Geol. Assoc, iii. iv. v. C. Eox-8trangways, “Geology of Scarborough and 
Whitby,” Mem. Geol Sarr. (1882), and vols. i. and ii. of the ‘The Jurassic Rocks of 
Britain.* 
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^ ( Upper Estuarine series, shales and sandstones resting on a thick sund- 

stone (Moor Grit) ....... more than 200 

Scarborough or Grey .Limestone series, consisting of grey calcareous and 
siliceous bands with shaly partings {Jielemn. (ji{f(mte.vs, (Moc^ms 
suhcoTonatum, 0. Blagdeni^ &c.) ....... 3—100 

Middle Estuarine serie.s, chiefly shales, with three or four l)eds of sand- 
stone full of plant-remains. This is the chief coal-bearing zone of 
the Lower Oolites. A few thin coal-seams occur, only two of which 
have been found worth working; none of them exc^eed 18 inches 

or 2 feet in thickness 50 100 

Millepore bed, a ferruginous or calcareous grit passing into a sandy 

limestone {Soiminia Sowerhyi) ....... 10- 40 

Lower Estuarine series, consisting of an upper group of falst*- bedded 
ferruginous sandstones with carbonaceous matter, separated by some 
ironstone bands from a lower group of carl)onaceous shales and sand- 
stones with thin coal-seams 300 

Dogger — ferruginous sandstone and sandy ironstone passing down into 
the “ Jurensis-beds” (Midford Sands mi\\ (kmniya. 

hajociana, Ludwigm Murchisonw, Orammocerm (uilerm, &c. 

A tolerably abundant fossil flora has been obtained from those Yorkshire Imds.^ 
With the exception of a few littoral fucoids, all the plants are of terrestrial forms. 
Among them are more than 50 species of ferns (Cladophlehia, Oomopfjris, RpJmwpterWy 
DictyophylluTrii and Tmniopteris being characteristic). Next in abundance come th© 
cycads, of which above 20 species are known (Otozamiles, Wi/lmmania, Nilmmia), 
The ginkgos are represented by several species of Ginkgo^ Baicru, and Bamia, Coni- 
ferous remains are not infrequent in the form of stems or fragments of wood, as well as 
in occasional twigs with attached leaves {Armtcarites^ Bnudiypfiyllvm^ Gfinirakpw^ 
Pagiophyllum, GryptomcriUs^ Taxited). 

The Fuller’s Earth or Fullonian group is an argillaceous depo.sit which was dis- 
tinguished under this name by William Smith, 1709. It exttinds from Dorse tsliire to 
the neighbourhood of Bath and Cheltenham, and attains a maximum depth of nearly 
150 feet, but dies out in Oxfordshire, and is absent in the <;a8tern and north -eastern 
counties. Among its more abundant fossils are Peri^himteH arbudigcrii^^ McmvcephaiUeg 
suhcontr actus, Goniomya literata, Ostrca acuminata, Ilhynchmidla nniritins, and WakL 
heimia ornithocepJiala ; hut most of its fossils occur also in the Great and Inferior 
Oolite. The conditions for marine life over the muddy bottom on which this de|M)sit 
was laid down would appear to have becm unfavourable. Thus few gasteropwis are 
known from the Fuller’s Earth, and most of the organic remains occur in the harder, 
more calcareous bands of “stone” or “rock.” The i>al«;ontological characters of this 
group are intermediate between those of the Bajociaii and Bathonian groiiiw. The 
strata are comprised in the zones of FcHsph. arbustigerus and Macroceph, suhamintdm, 
Beds of economic fuller’s earth are worked at Midford and Wellow near Bath; thafr 
detergent properties are due to physical characters rather than chemical composition. 

The Great Oolite (Bathonian between Dorset and Homerset on the west and 
Oxfordshire on the east, consists of live .sub-groups of strata : (a) at the baw», thiii-lwldcMl 
limestones with sands, known as the Stonesfield Slate ; (b) shelly and yellow or ermrii- 
coloured, often oolitic limestones, with partings of marl or clay the Great Oolite 
proper, comprising the famous freestone of Bath ; (r;) pale eartliy white linK^stoniis and 
false-bedded oolites fomiing the upper “Kiigstones” of Bath; (d) an exceedingly 
variable series of shelly oolitic and flaggy limestones, with clays and shales below and 
above. The underlying clays form the “ B radford Olay” ; the central calcareous zone is 

^ The best account of these plants will be found in Mr. Seward’s asmy on tins Jurassic 
flora of the Yorkshire coast, published in the Catalogue of Mesozoic Plante in the Britteli 
Museum, 1900. 

From Bath, the typical district for tlie formation. 
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the so-called “Forest Marble ” ; (c) an uppermost persistent band of tough irregular layers 
of earthy shelly limestone known as “ Cornbrash.’* These subdivisions, except the last- 
named, cease to be satisfactorily recognisable as they are followed towards the east 
and north-east. The Forest Marble dwindles away in a north-easterly direction, and has 
not been recognised in tlie east of Oxfordshire. It appears to be represented in Bedford- 
shire, FTorthampton shire, and Lincolnshire, by the “Great Oolite Clays” of that 
district. The Cornbrash., however, is remarkably persistent, retaining on the whole its 
lithological and pal icon tological characters from the south-west of England to the 
district of the Humber, The limestones of the middle sub-group can be traced from 
Brad ford-on- Avon to Xiincolnshire. The lower sub-group, including the Stonesfield 
Slate, is locally developed in parts of Gloucestershire and Oxfordshire, and passes into 
the ** Up])er Estuarine series” of the Midland counties.^ 

The fossils of the Rathonian group, as developed in England, show the wide range 
which might be expected from the variety of geographical conditions under which the 
strata were deposited. Those of the Stonesfield Slate possess a high geological interest. 
Among them are al>out a dozen species of ferns, the genera Cladophlebis, Sphenopteris, 
and Tmiioptcris being still the prevalent forms. The cycads are chiefly species of 
Williwmonia and the conifers of BmchyphylUim. With these drifted fragments of a 
terrestrial vegetation tliere occur remains of beetles {Blapsldium, jB^iprestis, Curculioivites), 
dragon-flies, and other insects which had been blown or washed off the land. The 
waters were tenanted by a few brachiopods {Rhynchonella concinTia and Terebratula), by 
lamellibranchs {OcrvilZico amta^ Lima (four species), Modiolaimlricata, Pecten annulahis, 
P. lens, jP. vagans, Trtgonia impressa), by gasteropods [Natica, JSferita, Patella, Trochus, 
&(;.), by a few ammonites {Oppelia discus, PerispMnctes gracilis) and belemnites {B. 
aripistilhm, B. bessimes), and by elasmobranch and ganoid fishes, of which more than 
40 species are known {Ceratodus, Qanodus, JRybodus, Lepidotxcs, Mesodon, Strophodus, 
Ac.), The reptiles comprise representatives of turtles, also species of Cimoliosaurus, 
Hterieosawrus, TeleosatiTus, Megalosaurus, and Rhamphocephalus. But the most im- 
portant organic relics from this geological horizon are the marsupial-like mammalia 
already referred to — ■A'mpJdlestes, Amphitherium, Aonphitylus, Phascolothcrium, and the 
more doubtful Stcreof/ncUhus. 

The fauna of the Great Oolite proper is distinguished, among other character- 
istics, by the number and variety of its corals (including the genera Isastraea, Tham- 
nastrma, Phyll(jC(mia(Adelastrsea), Ohorisastrma, Cryptoccenia, Gyathophora, Montlivaltia, 
Ac.), The echinoderms, which rank next to the ammonites in stratigraphical value, 
are well represented. Among the regular echinoids the most freq^uent forms are 
IPeyTiicidaris, AcTosalciiict, Pseudodiadema, and Cidaris. The iiregular echinoids are 
represented by species of Nucleolites, Clypeus, PygwriLS, &c. ; the asteroids by Astro- 
pecten and Sol aster ; tlie crinoids by Pentacrinus, Apiocrimis (specially characteristic of 
the Bradford Clay), and Millericrmus. Macrourous Crustacea {Eryma, Erymi, Glypheea) 
are met with, and likewise brachyourous forms {Palseinachus, Prosopon). Ostracods 
abound in the Fuller's Earth, the genera Cythere and Cytheridea (upwards of 40 species) 
being sj)eeially prominent. Polyzoa are abundant {Biastopora, Entalophora, Idmonea, 
‘Stoniatopora, Hfderopora). The brachiopods are repesented by species of Terebratula, 
llhynclionella, WaMheiinia, Terebratella, Crania, &c. Of the whole British Jurassic 
lamellibranchs, more tlian half the genera, and about one-fifth of the species, are found 
in the Great Oolite. Specially conspicuous are the genera Pecten, Lima, Osirea, Avicula, 
Astarte, Modiola, Pholadomya, Trigonia, Cardium, Area, Tancredia. The characteristic 
gasteropods of the Great Oolite include Ncdica, Nerinsea, Nerita,^ Purpuroidea, Patella. 
Species of ammonite characteristic of the Great Oolite are Perisph'uncUs arbustigerus, 
Oppelia disem (passes to Combrash), Perisphmetes gracilis, Macrocephahtes suhcoxUractus, 
and Oppelia Waierho'usei. Characteristic likewise are Nautilus Baberi, JST. dispamus, 


1 Judd, ‘Geology of Rutland.” Mem. Oeol. Surv. 
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Belemnites aripistilhmh and B. bessmus. Of the hslies, the genera most abundant in 
species are Mesodon, Aster acanthus, Ilyhudiis, Strophodus, (Janodus, Ischyodus, &c. The 
reptilian remains include the crocodilians Telcosaurus and Btcneosaurus, the pterosaur 
Rhamphocephalus, and the deinosaurs Mcgalosaurm, Cdiosa.urus, and (Jardiodoiu 

The Forest Marble varies greatly in thickness and litliological character. Near 
Sherborne in Dorsetshire it is 130 feet thick, but it rapidly diminishes nortlnvards, and 
in Oxfordshire is sometimes 0 }dy 12 or 15 feet thick. It lies sometimes on the Great 
Oolite, sometimes on the Fuller’s Earth. Its lower portion near Brad ford-on- Avon is a 
grey marly clay with thin layers of tough limestone and calcareoiiH sandstone about 10 
feet thick, and this argillaceous band has been sej)arately designated the Bradford Clay. 
The Forest Marble contains a much diminished fauna. Among the forms charaetoristic 
of it are Apiocrinus Parkmsoni, Waldhc/imia dujona, Tm'.hrainla ma.>'illal(i, Rhyn- 
chonella concinna, Peeten annulatas, Ostrea Sowerhyi, Limt mrd,iiform.is. The Bradford 
Clay of Wiltshire has long been well known for its- pear-encrinites {dpiocrimm 
ParUnsoni), which are found at the bottom of the clay with their bas(< attached to tlie 
top of the Great Oolite limestone. 

The Cornbrasli (an old agricultural term adopted by W. Smith) consists of earthy 
limestones, w'hich when freshly broken are blue and compact, but which under the 
influence of the weather break up into rubbly material ami make good corn-land. It 
varies from 10 to 25 feet in thickness, yet in spite of this insignificant development it 
is one of the most persistent bands in the English Jurassif^ system. It is rich in 
echinoderms, lamellibranchs, and gasteropods. Among its common and characteristic 
species are OppcUa? discus, Macrocephalitcs 'umcrocepkaXus, whicdi ranges up into the 
Kellaways Rock and Oxford Clay, JSPucleolifes dunicufaris, Ilalechjpus depressm, 
Acrosalenia hcmicMar aides, Wahlheiniiu, lagenaJis, Ostrea Jlabd/oides, Peden ragams, 
PleuTomya securi/orfiiis, Lima dupUcata, llomomya ijlbhosa, (Jirsslya pere.g>rina, Paewlo- 
monotis ecMnata. ^ 

The Great Oolite series in the north-east of Scotland mmintH mainly of sandstoncH 
and shales, with some coal-seams which were formerly workcnl at: Brora in Sutherland. 
In Skye and Raasay the formation consists of a very thick cstuariiic series, with abundant 
oysters, Trigonias, Anomias, Cyrenas, Hydrobias, Cyprid’s, and remains of land-plants. 

The Middle or Oxford Oolites are composed of two dintinct groups: (1) the 
Oxfordian, and (2) the Corallian, each of which is further subdivided into groups of 
strata and palaeontological zones as under (Fig, 445) : • 



"Upper Calcareons Grit, Upper] 
Coral Rag and Ironstone . ! 

Upper. 

- 

, Coral Rag and Coralline Oolite . | 

Lower. 

Lower Calcareous Grit . . j 

1 

f 

Clays with septaria and iron- ] 


stone nodules . , . I 


Clays with pyritous fossils j* 

o 

(sub-zone of Quenstedtmuu-as 

o 

Lamherii) . . . . j 


Shales with pyritous fossils j 

J O 

' (suh-zone of Am///. [(Jami/h ■ 

, cents] Jt/san) . , . ) 

Kellaways J 
Rock. 1 

[Alternations of clays and huikIh] 
with concretionary calcareous I 

sandstone . . . . 1 

1 Kellaways f Clay containing selenite*, anti j 

^ Clay. ( j)oor in fossils . . . j 


Zone of Bf'ris ph i nctt!s plicatilis. 
„ AHpi<lff('<u‘as ifcrannatum. 

„ ( tardiocera.M cordatum. 

„ ( 'o.Hitiocftra.H oniiitum. 

M Kcpplerites calloviensii^. 


(1) Oxfordian, divisible into two sub-groups: (a) a lower division of calcareous 
abundantly fossiliferous sandstone with some underlying clay, known, from a place in 

^ Etheridge, Q. J. G, K (1882), Address, p. 202. 
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Wiltshire, as the Kellaways Beds, whence this subdivision and its equivalents abroad 
have been distinguished by the name of Callovian. Jhe Kellaways Clay is generally 
present, varying from 10 to 20 feet in thickness, and though not especially fossiliferous, 
yields specimens of Ostrea, Waldheimia, Rhynchonella varicms, and Serpula tetragona. 
The Kellaways Rock consists of hard, sandy, calcareous, highly fossiliferous material. 
The Callovian sub-group forms really the basement of the Oxford Clay. Ranging from 
a few feet to more than 50 feet in thickness, it may be traced from Wiltshire through 
Bedfordshire to Lincolnshire, and it attains a considerable importance in Yorkshire. It 
contains about 200 species of fossils, of which one-third are found in lower parts of the 
Jurassic series, and nearly the same proportion passes upward into higher zones. 
Among its characteristic forms are Alctria trijida^ Avicula omlis, Cardium cogTiatum, 
Isocardia minirndj Pholadomya acitUcosta, RhynchoTiella varians, Gryphma lildbata. 
ITie distinctive ammonite of this stage is Kepplerites callomensiSj which gives its 
name to a zone. Numerous other species of ammonites occur, including Gosmoceras 
modiolare, C, goxverimium, Perisphinctes Bakerim, Gadoceras Koenigi, McLcrocephalites 
inacrocephalus, also Ancyloceras callovlense^ Nautilus callomensis, and Belcmnites 
Owenid 



44.0. — Middle Oolite Auiinonites. 

ft, Anpidocoras perarmatuni, Sby. | ; h, Quenstedtoceras Lainberti, Sby. ; c, Gosmoceras Jason, 
Zoit. (0 ; d, Kepplerites calloviensis, Sby. (i). 


{b) The Oxford Clay— so called from the name of the county through which it passes 
in its course from the coa.st of Dorsetshire to that of Yorkshire — consists mainly of 
layers of stiff blue and brown clay, with bands of septaria and occasional layers of earthy 
limestone, attaining a thickness of from 300 to nearly 600 feet. From the nature of 
its material and the conditions in which it -was deposited, this rock is deficient in 
some forms of life which were no doubt abundant in neighbouring areas of clearer 
water. Thus there are no corals, hardly any species of echiiioderms, no polyzoa, and 
les.s than a dozen species of brachiopods. Some lamellibranchs are abundant, par- 
ticularly Gryphmi dilatata and Ostrea (both forming sometimes wide oyster-beds). The 
lower half of the Olay, containing the zone of Gosmoceras ornatumy ho-s yielded small 
forms of Gryphmi. dilatata, together with Oerithium muricatum, Avicula inasquivalvis, 
Belemnitea Otoeni, and a number of Ammonites — BeinecMa anceps, Peltoceras athleta, 
(Ekotraustes crenatus, Gosmoceras Duncani, G. Elizabethm, G. Jason, Eecticoceras hecty 
cum, Cardioceras Lamberti, Quenstedtoceras Marim, The upper part of the 
including the zone of Cardioceras cordatuin, contains large forms of QrypJima dtlcdata, 
with Thracia depressa, Serpula vertebralis, Belcmnites hastatus (which is found all the 
way from Dorset to Yorkshire), and various species of Ammonites, Quenstedto^'im 
Lamherti, Aspidoceras perarmatum., Gardioceras vertebrale. The Oxfordian fishes 
include the ganoid genera AspUorhymhiis, Eunjeormus, Eypsocormus, Lepidotus, the 

1 A list of the remarkable assemblage of ammonites in the Kellaways Rock of Torkshne 
will be found in Mr. Pox Strangways^ Memoir on the Jurassic rocks of that county, p. A/ 
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selachian Asteracanthits, Hyhod-m, Notidanus, the chimieroid BrcLchymylm^ Ischyadm^ 
and Tachymylus, and the teleostean Leptolepis, while the reptiles embrace species of 
the pterosaur Rhamphorhynchm^ the deinosaurs Camiptosauriis^ Cetiosaurus^ Cryptodraco^ 
Megalosaurus, Omosaurus, Ornithopsis, and Sarcolestes, the crocodiles Dacosaurus and 
Suchodus, also a number of species of Ichthyosaurus^ and of the plesiosaurian genera 
CimoliosauTus, Peloneustes^ and Pliosaurus. 

(2) Corallian, traceable with local modifications from the coast of Dorset to York- 
shire. This group attains in Dorset a thickness of about 200 feet, but diminishes as it 
is followed into Oxfordshire. In Yorkshire it again swells out to a thickness of 330 feet. 
The name of the group is derived from the numerous corals which it contains. Accord- 
ing to the exhaustive researches of Messrs. Blake and Hudleston,' this group when 
complete consists of the following subdivisions : — 


6. Supra- Corallian beds — clays and grits, including the^ 
Upper Calcareous Grit of Yorkshire, and the Sands- 
foot clays and grits of Weymouth. 

5. Coral Rag, a rubbly limestone composed mainly of 
masses of coral (sub-zone of Oidaris jlorigem.ma). 

4. Coralline Oolite, a massive limestone in Yorkshire, 
but dying out southwards and reappearing in the 
form of marl and thin limestone. 

3. Middle Calcareous Grit, probably peculiar to Y orkshire.^ 


2. Lower or Hambleton Oolite, not certainly recognised ] 
out of Yorkshire. > 

1. Lower Calcareous Grit. I 


Zone of PerisphiiHitfs 
plicatilis. 


Zone of Aspidoceraa 
I)erarmatum. 


The corals are found in their positions of growth, forming massive coral-banks in 
Yorkshire, Wiltshire, and other districts {Thamnastrmt^ Isastneu, I'kecoHniilia^ 
Bhabdophyllia, Montlivaltia^ &c., Fig. 420).* Numerous sea-urchinB 0 (!cur in many of 
the beds, particularly Oidaris florigemrm (Fig. 422), also Pygunu% Pygasfer, Haul 
cidariSf &c. Brachiopods are coinparativedy infrequent. The humdlibranchs are still 
largely represented by species of Avicula, Limi, Ostrca, Pecte^i, and f/ryphtm {(Mrea 
gregaria being specially numerous). Nearly all the spcicies of gasteropods an; peculiar 
to or characteristic of the Corallian stage. The lower zone (that of Aspidocerm pmir- 
matum) is characterised by the occurrence of PerUphindes couvolutus, Oppella Henrki, 
Cardioceras Sutherlaudiie, Perisphimtes ? varicostatus, PcUoccrm WillUnmoni : the 
upper zone (that of Perisphinctes plicatilis) contains some; of tin; sann; sp{;cicH, but also 
Perisphinctes? Berry eri, P. cymodocc-, Hoplites Calisto^ (Jardioce/ras caiaUmemc, llehmikia 
decipiens, R. mutahilis, R. pseudomutabilis, 

IV. The Upper or Portland Oolite.s bring before us tlie records of the closing 
epochs of the long Jurassic period in England. They are divisible into three groups, 
with subordinate sections and palajontological zones, as shown in the following table 



^ Clays, shales, and underlying 
^ limestone (Marble Rag) and 


0 Unio-hedi. 


^ Limestones, including “ Upper 

Qi j 

building- stones,” and the 

■fH 

S 

S band • with mammalian 

P4 

^ remains. 

CO 

^ Marls and limestones with 

* 1 

1 insect-beds and the “Dirt- 
, bed ” of Portland. 

Upper Freestones and Cherty 

<s| § 

beds. 


Lower sands and clays. 


Zone of Perisphinctes giganteus^ 
,, Olcostephanus gigas. 


“On the Corallian Rocks of England,*’ Q. J, G. S. xxxiii. p. 260. 
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( Upper bituminous shales with Zone of Perisphinctes biplex, with Aspi- 
layers of cement - stone and doceras lougispinuin. 

septaria. 

Lower clays and dark shales and ,, Cardioceras {Amcsloceras) a Iter- 
cement-stones. nans. 

(1) Kimeridgian, so named from the clay at the base of the Upp)er Oolites, 
well developed at Kimeridge, on the coast of Dorsetshire, whence it is traceable con- 
tinuously, save where covered by the Chalk, into Yorkshire. It consists of dark bluish- 
grey shale or clay, which in Dorsetshire is in part bituminous and can be burnt. 
According to Mr. J. F. Blake it may be subdivided into two sub-groups^ : — 

(a) Upper Kimeridgian, consisting of paper-shales, bituminous shales, cement- 
stone, and clays, characterised by a comparative paucity of species of fossils 
but an infinity of individuals ; perhaps 650 feet thick in Dorsetshire, but 
thinning away or disappearing in the inland counties. This sub-stage, fairly 
comparable with the Virguliaii ” of foreign authors, contains the zone of 
Perisphinctes hiplex, and is marked also by the prominence of Piscina 
latissima, which forms a sub-zone in the upper part, while the lower portion 
of the deposit contains abundant Exogyra nirgnla (Fig. 428). 

(b) Lower Kimeridgian, blue or sandy clay with calcareous “doggers,” represent- 
ing the “ Astartian sub-.stage” of foreign geologists. This is the great re- 
pository of the fossils of this group. It has a maximum thicknes.s of 400 
feet, and embraces the zone of Cardioceras alternans^ which in its upper 
part abounds in Exogyra virgula^ while in its lower part Ostrea cleltoidea is 
plentiful enough to form a sub-zone. 

Among the more common fossils of the Kimeridge Clay, besides those above named, 
are numerous foraminifera (Pxdvulina pulchella, Eobulina Miinsteri)^ also Serpula 
ietragona, Exogyra nanay Astarte supracorallinay Th/rada dejp'essa, Protocardia striatiUa 
(Fig. 428). Upwards of .20 species of ammonite occur only in this stage ; among them 
are Cardioceras {Amceboceras) alternans, C. Kapiffi, Olcostephanm emnclus^ Reinechia 
eiidoxusj R. plicomphalus, R. Thttrmanni, Aspidoceras loiigispinumi A. orthocera, A. 
lalUriammi. Among the belemnites are B. abbreviatus, JB. Blainvillei, B. excentricus, 
B. nitidus. The Kimeridge Clay derives its chief palaeontological interest from the 
fact that it has supplied the largest number of the Mesozoic genera and species of reptiles 
yet found in Britain. The huge deinosaurs are well represented by Bothriospondylus, 
CetiosauruSj Gigantosaurus, Camptosauras, Megalosaur'iis, OmosaiLrns ; the pterosaurs 
by Pterodactylus ; the plesiosaurs by Cimoliosaurus (several species), Peloneustes, 
ThawiiatosaurioSy and Pliosaurus ; the ichthyosaurs by Ichthyosaurus (five or more 
species) and Ophthalmosaurus ; chelonians by Thalassemys and Pelobatochelys ; and 
crocodilian s by GcoscmruSy Metriorhymhus, and Steneosaurus. 

In the sea-clifis of Speeton, Yorkshire, a thick group of clays occurs, the lower part 
of which contains Kimeridgian fossils, while the higher portions are unmistakably 
Cretaceous (p. 1183). Traces of a representative of the Kimeridge Clay, and possibly 
of the Portlandian, above, are found even as far north as the east coast of Cromarty 
and Sutherland, at Eatliie and Helmsdale. 

(2) Portlandian, so named from the Isle of Portland, where it is typically 
developed. This group, resting directly on the Kimeridge Clay, consists of two 
divisions, the Portland Sand and Portland Stone. At Portland, according to Mr. 
J. F. Blake, it presents the following succession of beds in descending order : — 

'Shell limestone (Roach), containing casts of Cerithium portlandicum (very 
abundant), Isodonta {Sowerhya) Dxikei, Natica elegans^ saA caste of Trigonia. 

“ Whit-bed ” — Oolitic Freestone, the well-known Portland stone {Perisphinctes 
giganteus). 

“ Curf,” another calcareous stone {Ostrea soUtaria). 


^ J. F. Blake, “ On the Kimeridge Clay of England,” Q. J. G. *81. >xxxi. 



1146 


STBATIGRAPHIGAL GEOLOGY 


BOOK VI BART III 


o 

dH 


‘‘Base-bed,” a building stone like the Whit-bed, but soinetiiiies containing 
irregular bands of flint. 

Limestone, “Trigonia bed” {Tng(>nia gibbosa, Fig. 428, Fenia iiiytiloi(l(Y). 

- Bed (3 feet) consisting of solid flint in the upper and rubbly limestone in the 

lower flat. 

Band (6 feet) containing numerous flints {l^erpiila gorduflis, Ostrctt, onifl/i- 
fonnis). 

Thick series of layers of flints irregularly spaced {PerLyMnrfes boiutnieitHw, 
TflgonUf gihbosa.^ T. inmrva). 

Shell-lje<l abounding in small oysters and serpnlic [Perisphinrtrs bn'p/i'mfif.s, 
Pleurofomarta ritgata^ P, P rotocardla (/b^simdi.s, Fig. 4*28, 

I Tfigimiagibhosa^ T. inmrva^ Plewmmya, tell iiicf). 

''Stiff blue marl without fossils (12 to 14 feet). 

Liver-coloured marl and sand with nodules and bands of cement stone — 2f> feet 
{Mytilus auf.isswdo7'emi% Pecteu aolidns, Ci/jirina iinjdlcafa, Pi’ri.yi/ii/trfus 
Mjdex, kc.) 

- Oyster-bed (7 feet) composed of Exagyra bmutruttma. 

Yellow sandy beds — 10 feet {Cyprma tmplicala, Area). 

Sandy marl (at least 30 feet) passing down into Kimeridge Clay {Prri.y/liinrfeti 
bijdex^ Lima bahmlenah, Pedxn Morini, Avicula orta.riu, Trigonia inci/rra. 
^ T. ninrirata, T. Pdlati, Rhyndutndla pf^dia/ndim., Discina himphricHm/ai). 


Among Portlandian fossils a species of coral {Isastrma, ohlonga) occurs ; cchinodcnnH 
are scarce (Acrosalenia Konigi, kc.), there are also few Imachiopods. Tlui most abuiuiant 
fossils are lamellibranchs, the best represented genera being Trigonia {T. gibbona., 7'. 
incurva, T. Pdlati)^ FUuromya tclUna, Peden lameUoms., Onlrm solUaria^ Gyprim^ 
(dongata^ Lncina poTtlwtulica^ Protocardda dmimilis. The most fre(iu(mt ganterojKrd 
is Oerithiuni portlandicum.. The ammonites include some a<lditi()nal forms to tho»e 
mentioned in tlie foregoing table. Fish are repnisented by Lyndotun, /fgbodm^ 
Ischyodus, and Pyruodu.% and some of the older Jurassic re|)tilian gfuiera {(drnUhopm, 
Goniopholis^ Teleosaurns, IcMbyosaurus, Ginioliosfjcnrus, PlvmmrKs) still apiwtar. 

(3) Purbeckian.^ — This group, so named from the Isle of Purh(*ck, whei’(! best 
developed, is usually connected with the foregoing formations, as tluj highest zone of the 
Jurassic series of England. But it is certainly separated from the rest of that serieH by 
many peculiarities, which show that it was accumulated at a time when tlio physical 
geography and the animal and vegetable life of the region wenj undergoing a renjarkabh4 
change. The Portland beds were upraised before the lowest Purbeckian stratii were 
deposited. Hence, a considerable stratigraphical and paheontological break is to be 
remarked at this line. The sea-floor was converted partly into land, partly into shallow 
estuaries. The characteristic marine fauna of the Jxxrassio seas nearly diHappeared from 
the area. Fresh-water and brackish-water forms cliaraciteriHc the great series of strata 
which reaches up to the Neocomian stage, and might bo termed the Purljcek-Wealdmi 
series. 

Some difference of opinion has arisen as to whether the group of PurlH*ck strata 
should be placed in the Jurassic or Cretaceous system. The lithological evifbmtM*. would 
rather link them with the former, while the predominant fresh- water nature of their 
fossils would suggest a connection with the overlying fluviatile Wealdeu series. 
Though the invertebrate and vertebrate remains show relations tc» l)oth Kystcuns, tlm 
balance of evidence appears to be in favour of Edward Forbes’s view that on the whole 
the Purbeck beds are more naturally grouped with the Jurassic than with the CretimoiiK 
formations. The Wealden series itself is by many palajontologists claimed as pro][MfrIy 
belonging to the former rather than the latter system. This snlijcct is further diHcussed 
at p. 1184. 


^ See more particularly the following Memoirs of the Geological Survey : K. Forbes, 
“ Tertiary Fluvio-marine Formation of the Isle of Wight”; H. W. Bristow, “The Me of 
Wight,” new edition by C. Eeid and A. Strahaii ; A. Strahan, “The Geology of the Isk of 
Purbeck and Weymouth.” 
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The Purbeckian group has been divided into three sub-groups. Of these, the lowest 
(95 to 160 feet) consists of fresh -water limestones and clays, with layers of ancient soil 
(^^dii’t beds") containing stumps of the trees which grew in them ; the middle com- 
prises 50 to 150 feet of strata with some marine fossils, while the highest (50 to 60 feet) 
shows a return of fresh-water conditions. Among the indications of the presence of the 
sea is an oyster-bed {Ostrea clistorta) 12 feet thick, witli lecten, Modiola, Avicula, 
Thracia, kc. The fresh-water bands contain still living genera of lacustrine and 
fluviatile shells {Viviparus, Melanopsis, PlanorbiSj Fhysa, Valxatou^ Vmo, Cyrena). 
Numerous fishes, chiefly ganoid, but with some selachian and teleostean forms, haunted 
these Purbeck W'aters {Caturus, HistionotiLS, Lepidotus, Leptolepis, Macrosemiiis, Mesodon, 
Microdoiiy Plmropholis, Astcramnthus^ Hyhodns), Many insects, blown off from the 
adjacent land, sank and were entombed and preserved in the calcareous mud of the 
Lower and Middle sub-groups. These include coleopterous ' (more than 30 genera), 
orthopterous, hemipterous, neuropterous, and dipterous forms (Pig. 431). Remains of 
reptiles, including deinosaurs {Echinodon^ Iguanodon^ JVw^/ic^es), crocodiles (GoniopJiolis, 
JJaiinosicchus, Oweniasuchus, Petrosuch%is, Theriosuehus), plesiosaurs {Cimoliosav,nis\ 
and numerous chelonians {Clieloou, Hylmochelys^ Pleurosternum, Tfialasscmys, Treto- 
sternwn). The interesting dwarf crocodiles {TheriosucMis) are computed to have been 
only 18 inches long. The most remarkable organisms of this gi*oup of strata, however, 
are the mammalian forms already noticed (p. 1127), which occur almost wholly as lower 
jaws, in a stratum about 5 inches thick, lying near the base of the Middle Purbeck 
sub-group, these being the portions of the skeleton that would be most likely first 
to drop out of floating and decomposing carcases. 

The zone of Belemnitcs lateralis in the Speeton Clay of the Yorksliire coast and 
the Spilsby Sandstone of Lincolnshire, are considered by Professor A. Pavlow and Mr. 
G. W. Lamplugh to represent in part the Purbeck and Portland beds of the southern 
districts.’- 

France and the Jura. — The Jurassic system is here symmetrically developed in 
the form of two great connected rings. The southern ring encloses the cry.stalline axis 
of the centre and south ; the northern and larger ring encircles the Cretaceous and 
Tertiary basin and opens towards the Channel, where its separated ends point across to 
the continuation of the same rocks in England. Put the .structure of the two districts is 
exactly opposite, for in the southern area the oldest rocks lie in the centre and the 
Jurassic strata dip outwards, while in the northern region the youngest formations lie 
in the centre and the Jurassic beds dip inwai'd below them. Where the two rings 
unite in the middle of France they send a tongue down to the Bay of Biscay. On the 
eastern side of the country the Jurassic system is copiously developed, and extends 
thence eastwards through the Jura Mountains into Germany. 

The subdivisions of the Jurassic system in the north and north-west of France 
belonging to what has been termed the Anglo-Parisian basin, resemble generally those 
established in England. But in the southern half of the country, and generally in the 
Mediterranean i)rovince, the facies departs considerably both lithologically and palce- 
ontologically from tlie English type, more particularly as regards the Upper Jurassic 
rocks. The following table gives in descending order a summary of the distribution of 
the Jurassic system in France : — 

^ Ball. Soc. Imp. des Nat Mosco^i, 1891. Lamplugh, Q. J. G. H. lii. (1896), p. 216. 

^ For a detailed account of the development of the Jurassic rocks of France, see De 
Lapparent’s ‘Geologie,’ 4th edition (1900), of which the author of the present work has 
largely availed himself ; also A. d’Orbigny’s ‘ Paleontologie Fraii 9 aise — Terrains Oolithiques, " 
1842-50; D’Archiac, ‘ Pal4ontologie de la France,’ 1868, and ‘Paleontologie Fran^aise, 
continuee par une reunion de Pal4ontologistes — Terrain Jurassique,’ in course of 
publication ; Hebert, ‘Les Mers anciennes'et leurs Eivages, dans le Bassin de Paris,’ 1857 
(a most interesting and valuable essay), and numerous papers in Bull, Soc. Qiol. France ; 
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10. Portlaiidian, separated into two snb-stages, At the base lie sands and clays, 
equivalents of the Portland Sands or “Bononian,” with Olcoste/phanus jp()rtlandic.m 
and Exogyra virgida, hligher up come sands and calcareous sandstones corresponding 
to the Portland Stone, with Trigonia gibbosa and Perisphincte^^ hononiemiSj while 
the Purbeckian is marked l>y species of Cyrena, Corbula, and Cypris. stage is 

best developed along the coast near Boulogne-sur-irier, where it is composed of about 
250 feet of clays, sands, and sandstones, with Acromlenia Koenigi, NudeolUes 
Brodiei, Gardinm Pellaii^ Trigonia mdiata, T. gibbosa^ T. incurva, Ostrea 
expansa, Perm Bouchanli, llarpagodes {Pterocera) Oceani, Perisphindes 
Bleicheri^ P. bononiem.si% &c. At the top lies a bed of limestone containing 
Gyrena PeHaii^ and covered by a travertine with Oyp»'is^ which may represent the 
Purbeck beds. Far to the south, in Charente, some limestones containing Port- 
landian fossils are covered by others with Corbula inflexa, Jdiysa.^ Vivi2)a’n(8, 
&c., possibly Purbeck. Fresh-water limestones, gypsiferous marls and dolomites 
(about 200 feet), and containing Corbula forhesiana-, Physa weaUliana^ Valmtiu. 
helicoides, Trigonia gibbosa, ko., occur in the Jura, round Pontarlier and near 
Morteau, in the valley of the Doubs.^ 

The Upper Jurassic rocks of southern Pkance, the southern flunk of the Alps, 
and the wide area of the Mediterranean basin, present a facies so dilferent from that 
which was originally studied in England, northern France, and Germany that much 
difficulty was for many years experienced in the correlation of the <hq)Osits, and 
much discussion has arisen on the subject. .From the researches of Opjxd, Benecke, 
Hubert, and later writers, the true meaning of the southern facies is now Ixttter 
understood. It appears that the formations l)etween the zone of Perispb. hiydex and 
Aspid. longispinum at the top of the Kimeridgian group and the l)fise of the CretJiceous 
system are represented in the southern area by a singularly uniform series of lime- 
stones, indicative of long unbroken deposition in deeper water, and unvaried by 
those oscillations and occasional terrestrial conditions which are observable farther 
north. The name of Tithonian (which is thus honiotaxial with Portlaiidian) was 
given by Oppel to this more uniform suite of strata, marked by the mixed character of 
their cephalopods, and by their peculiar perforated brachiopods of the type of Pygope 
janitor ( = Terebratula dipKya)? Around Grenoble, the ma.ssive limestones resting 
upon some marls with species belonging to the zone of Oppdia tenuilobala, contain 
Pygope janitor associated with P&risphinctes trandtorius^ Bdemnites Pilleii, 
Cldaris glandifera, Apiocrimis jlexuosus. In the Basses Cevemies, the limestones 
attain a thickness of more than 1000 feet. At their base lie marls and marly lime- 
stones containing A/ac7’oc6j?^a^to macrocepludus. A band of bluisli limestone with 
bituminous marls (65 feet), belonging to the zone of Pdioreras Idmamvialmn, 
represents the Corallian. Some grey limestones (260 feet}, with Pcrisjihi/ictcH 
polyplocus, contain fossils of the zone of Oppelia tenuilobata, cfpuvalent to the 
Sequanian stage (p. 1149). These are succeeded by a massive limestone (3110 feet) 
with Pygope janitor and Perisphmctes trandtorms, and this l»y a compact white 
limestone (500-650 feet) with TerePratula moravica, CidariH glandifera, corals, 
&c. At the top lie some limestones (200 feet) with Pygojie diphytndeH and many 
ammonites {Perisph. trandt<yriu8, Paploc&roLs carractliels, lIopliteH Oalisio, kv,.). 

9. Kimeridgian (=Kimeridge Clay), divisible in central and northern France into 
the following sub-stages in descending order : — 

(6) Virguliau.’'^ Zone of Aspidoceras orthocera, Rei/ieckia eudoxus, ami 
P. pseudomutabilis. 


Monographs by Loriol, Cotteau, Pellat, Royer, Tom beck, Glangeaiid {/hdl. Cark (Mol. 
France, Nos. 50, 62) ; GosseleFs ‘Esquisse,’ cited ante, p. 927. J. F. Blake, Q, J, C. 
1881, p. 497, gives a bibliography for N.W. France, and Bairois {Pme, deal. Asmoc.) a 
summary of results for the Boulomiais. For the last-named district consult also Pellat, 
/i. N. G. F. viii. (1879) ; Douvillc et Rigaiix, op. dt xix. (1891), p. 819. Rigaux, ‘Notice 
Gcologique sur le Bas Boulomiais,’ Boulogne-sur-mer, 1892. 

^ On the Portlandian rocks of the Aquitanian basin see Glangeaud, Bull Carte GM. 
F'rance, No. 62 (1898). 

For a study of the Tithonian fauna see A. Toucas, B. N. G. F. xviii. (1890), p. 560. 
Named from the abundance of the oyster Exogyra mrgula. 
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(a) Pterocerian.^ Zone of Ferisjphinctes {Pictonia) cymodoce,^ Olcostejghanus 
eumelus^ Oppelia tenuilobata. 

The coast-section near Boulog^-siir-mer exposes a series of clays, sands, and sand- 
stones (180 feet), from, which a large series of characteristic fossils has been obtained, 
and which, as the type section of the ‘‘Bononian” beds, indicate a local littoral deposit 
in the upper part of the Kimeridge Clay. The Virgnlian sub-stage consists of 
clays, sands, and limestones, with abundant Exogyra virgula^ together with 
Earpagodes {Aspidoceras) ortkimera in the lower part, vl. caletanum\iig\kQr up, and. 
Olcostephanus erinus at the top. In the French Ardennes, the Pterocerian and 
Virgnlian substages are composed of a succession of marls and limestones, the 
Pterocerian limestones being marked by Waldheimia Jvmmmlis, Malaptem 
{Pterocera) pont% &c., and the Virgnlian marls by immense numbers of Exogym 
'oirgulcL, In the Meuse and Haute Marne, a group of compact limestones, more 
than 500 feet thick (Calcaires de Barrois), with Olcostephanus gigas, &c., repre- 
sents the Boiionian sub-stage. Towards the Jura the Pteroceiian sub-stage is 
well developed, and shows its characteristic fossils ; while the Bononian comprises 
the so-called “ Portlandian ” limestones of the Jura, its upper part becoming the 
yellow or red imfossiliferous Portlandian dolomite.” In the department of the 
Jura, the Pterocerian sub-stage contains a coral-reef, more than 300 feet thick, 
near Saint Claude, and farther south another occurs at Oyonnax. In the same 
region, the Virgnlian sub-stage, composed of bituminous shales and thin litho- 
graphic limestones, has yielded numerous fishes, reptiles, and abundant cycads and 
ferns. The position of these beds is fixed by the occurrence of the Exogyra 
mrgnda below them, and of the Bononian limestones with Nerinfea and Olco- 
stephanus gigas above them. From what was said above under the Portlandian 
stage, it will be seen that the Kiineridgian appears in a totally different aspect 
in the Mediterranean basin, being there composed of thick limestones with a mixed 
assemblage of ammonites, and characterised in the higher parts by the appearance 
of Pygope janitor. 

8. Sequanian. — According to recent readjustments of the nomenclature, this stage 
is equivalent to the upper half of the English Corallian series. It is subdivided 
into two sub -stages as follows : — 

[b) Upper or Astartian.- Zone of Perisphinctes Achilles and ZeUleria 
Immeralis. 

[a] Lower or Rauracian.*^ Zone of Peltoceras hlmammatum. 

The English coralline type of deposit is prolonged far into the continent. It 
appears in considerable development in the Ardennes, where the limestones, full of 
corals, and alternating with marls, attain a thickness of 400 to 420 feet. Similar 
limestones attain a great prominence on the Meuse, where they are more than 450 
feet thick, and consi.st of oolites and corals in their positions of growth. In their 
lower portions they contain Hemicidaris cremdaris^ Glypticus hieroglypMcus, 
Cidaris jlorigevinha, and numerous corals ; in their upper part they yield Diceras 
arietinum, Ner insea Mandelsloh% Cardmm corallinwii, 0. s^iblamdlosum. Again 
in Yoime this sub-stage presents a coral-reef full of bunches of Septastrasa, Mont- 
limltia, &c. Farther south-east, in the Swiss Jura^ coralliferous zones are inter- 
calated in the oolitic strata. South-westwards, in Burgundy, massive limestones 
with corals reappear, with lithographic and oolitic limestones. In the district of 
Besan 9 on, the stage is represented by 130 to 200 feet of coral-limestone with 
compact and oolitic bands, and sometimes with calcareous marls that abut against 
the sides of what were formerly coral-reefs. Some horizons in this region are 
marked by the occurrence of remains of ferns and other land-plants (Saint Mihiel, 
in Lorraine : Dept, of Indre). 

7. Oxfordian and Callovian. — Under these names are included the lower part of 
the English Corallian group and the whole of the Oxford Clay and Kellaways sub- 
stage. Tlie strata are subdivided into four sub-stages : — 

(f?) Upper Oxfordian or Argovian. Zone of Ochetoceras canaliculatum 
and Perisphinctes Martelli. 


^ From the prevalence of the gasteropod Pterocera. 

2 So called from the prevalent genus Astarte. 

^ From Rauracie, a name applied to the J ura region. 
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(c) Lower Oxfordian (Neiivizyau). Zone of OaTcliooeras Gordalimi and 

Peltoceras transim'mriuni. 

[b) Upper Gallo viaii (Divesian). Zones of i^ueiistedtoceras {( hnlweeras) 
Marifp., and Q. Lauherti and Peltoceras athleta. 

[a] Lower Callovian. Zone of Relneckia aticeps and k^lepheoceraH 
{Erymnoceras) atronatum, and beneath it the zone of ilosniocn'tis 
f/ov)eriamm. and Macrucejdialites •mtcroceplmlm. 

The upper part of tlie Callovian stage is well exposed on the coast of Calvados, 
between Trouville and Dives, where the Divesian marls and clays attain a tiiicikness 
of more than 200 feet {Quenstedtoce/rLH [OanUoceras) Landjerti, Marlm, Pi'Hm'eras 
athleta^ Qosmoceras Dtmcani, Jklenmites hastatm^ Ostrea gregarla, (iryphmt. 
(lilatata)j and an upper sub-group of clays with Canlioceros cordatiun, C. 
vertebrale, Peltoceras Eugenli, Aspidoceras, (rryplma. dilatata, fee., representing 
the Oxfordian. The two stages, though much reduced in thickness, are clearly 
recognisable in the Boulonnais. North-eastwards, in the Ardennes, the Callovian 
stage appears as a i)yritous clay (25*30 feet) witli oolitic limonite, tlu^ Oxfordian 
as a series of clays, marls, argillaceous sandstone (full of gelatinous silica and 
locally known as gaixe) and oolitic ironstone. The iron-ore is worked at Neuvizy, 
where a large series of fossils has l»een obtained. Kound Poitiers, the Callovian 
division is upwards of 100 feet thick. Eastwards it dwindles down toward.s 
the Jura, but is recognisalde there under tlie Oxfordian pyritous marls (330 feet), 

6. Bathonian. — This subdivision comprises the French equivalents of tlie English 
Lower Oolites from the Fuller’s Earth up to the top of tlie Cornbrash. Regarded 
from the point of view of the distribution of its aminonites, it has Iteen sub- 
divided into four zones : — 

(d) Zone of Oppelm aspidoides with (EcoirausteH serrigerus and Ojfjirlia 

( ( hr.yn ot iceras) d.isc us. 

{(') „ Oppelm fnsraj Morphoceras poly'inmphum., ami Pirionia 

zig-zag. 

(h) „ the maximum development of Parkitmmia, ParkinHoni. 

(a)' „ Par/dustmia {(Josmoreras) garantuuia, P. suhfurcata^ and 

Cveloceras s abcoron ainm. 

In Normandy the Bathonian stage continues the tyI)(^ of the south of England. 
It consists of («) a lower group of strata whi(;h at one jtart are the Port-en*BeH.Min 
marls (100 feet or more, with Peleundtes bessiaus, Morphiteeras poly minpli urn ^ 
Oppellia fusca, &(*..) and at another, the famous Caen si, one, so long used as a 
Vmilding material, and which from its saurian and other remains may be paralleled 
with the Puller’s Earth and Htonesfield Elate ; [b) oolitic limestones (Oolithe 
Miliaire) about 100 feet thick, with Lucirut Jkllona, probably n*preHeuting the (}r(‘at 
Oolite of England ; (c) granular limestone (Hanville), bryozoan limestone*, with 
some of the fossils of the Bradford Clay and Forest Marble [Eudesia eardium, 
Dictyothyris coarctata, Terehratula flaheUim., Waldheiuria, digona) ; {d) marly 
limestones and blue clay (Lion-sur-Mer) with OxytwUceras Uaehstetteri, Peri- 
sphinctes procerus, Eudesia cardium, RJtynehnndfa major, proViahly representing the 
English Cornbrash. In the Ardennes, the Fuller’s Earth is represented by some 
sandy limestones, lumachelles, and granular limestone, with (Mrm ammiaata, 
Parldnsonia Parkinsoni, Jklenmites gigantca^t, <&c.; the Great Oolite by a massive 
limestone (160-200 feet) with (Jardiim pe^s-hovis, Purparoidea. unnax, followed 
by 150-180 feet of limestones, with numerous fossils {RkyHe/mnellfnkfurrala, H, 
elegantula, Ostrea Jlahelloides, &c.). The limestones are repla<*ed eastwards by 
marly and sandy beds. In the Cote-d’Or, the stage is largely developed, and 
is divided into three sub-stages : {a) Lower (115 feet), limestoneH ami mark with 
zones of lloimmya giblma, Terehratula Mawlelsloki, Jdwladoniya hucardlum ; (/>) 
Middle (196 feet), white limestones and oolites, with zone of Jkrisjdt i /letea arbimti- 
geriis, Idcrpuroidea glabra and echinoderrns : (c) Ujiper (82 feet) limcfstoiieM and 
marls with Eudesia eardmin, Waldhedmia digona, J*er?wsf.rea Pella 1 1, Ibmiacrimm 
Ihmgnicri, and with land-plants in one of the zones. In the south of France the 
Provencal type of sediments appears in a series of marly limeHtom-s (more than 450 
feet thick lietween Aix and Marseilles) with IkriHphincfeH arbuHtlgeruH, &c. 

5. Bajocian,^ well developed in the department of Calvailos, as the name denotcH. Its 


^ Prom Bayeux in Calvados. 
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tliickiiess is 60-80 feet, and it consists of : 1, Lower limestone {Ludv>i.gia 
Miirchimm, Lioceras cgncammi) ; 2, limestone with numerous ferruginous oolites, 
fossils abundant and well preserved {Parkinsonia goumntiana, Cmloceras suh- 
coTondtum {A ‘mm. hnm.phriesianus), Parkmsooiia Parkinsoni, Perisphinctes Martiusi^ 
Oppelia sabradiata, Belemnites giganteus, kc.); 3, Upper white oolite with 
abundant brachiopods, sponges, and urchins {Belemmtes unicanaliculatus^ B. 
besshm.% Parklnsoiikt Parkinsoni, Terebratida Phillipsi, Stomechinus higramUaris, 
&c. ). In the French Ardennes, the stage (400 feet) presents a lower group of marls 
with Ludwigia MuTcliisonm and many corals, followed by an upper limestone (30- 
130 feet) with Coeloceras JUagdeni, Bdem. giganteits, &c. Towards Lorraine, 
this limestone l)ecomes charged with corals, some parts being true reefs. North 
of Metz, the stage is mostly limestone, and reaches a thickness of 330 feet. 
In Burgundy, it is chiefly a crinoidal limestone (100 feet), capping boldly the 
Liassic marls. In the Jura, it attains a thickness of upwards of 300 feet, and 
consistH chiefly of limestone. In Southern France, it swells out to greater pro- 
portions, reaching in Provence a thickness of 600 feet, where it consists of sandy 
limestones and marls below {Qancellophycus, Lima heteromorpha) with a thin over- 
lying limestone abounding in ammonites {Sonninia Sowerbyi, Sphasroceras Sauzet), 
above which comes a mass of calcareous marls. 550 feet thick, seldom containing 
any other organism than Pecieti Silenus. 


The Lias of Francf3 and Switzerland has been subdivided into four stages, of which 
the iipperiuoat three correspond on the whole with the Upper, Middle, and Lower Lias 
of England, while the fourth is the equivalent of the basement beds of the English Lias, 
with pierhaps part of the Penarth or Rhsetic group. These subdivisions, with their 
several pahc.ontological zones, are shown in the subjoined table. 
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^Zoiie of Li oce/us [Tlarpoceras) opalinnm and Qrammoceras {Hmyo- 
ceras) aaM7ise. 

,, Lgtoceras gurerise with PCaDwiatoceras insigne and Grammo- 
ccras {Marpoceras) fallaciosum {Ammonites radians). 

,, Dactylioceras {Cmloceras) commune, Cceloceras crasstim, 
liildoceras {Ilarpoceras) bifrons. 

, ,, Ilarpoceras falciferum and liildoceras {Harpoceras) bifrons. 

' Zone of PalUpleuroceras {Amaltlieus) spinatum. 

AvudtheAis 'tnargaritatus and Grammoceras {Harpoceras) 
narmamUanwni. 

,, Deroceras [Mgoceras] Davoei, JSgoceras capricornu, and 

I Lytoceras jimbriatum. 

Phylioceras to with XJptonia {JSgoceras) Jamesoni at the 
base and Deroceras {Mgoceras) armatum. 
fZoiie of OphAoceras {Arietites) mrtotete, with lower sub-zone of 
( Kri/Tioticeras oxynotum. 

.1 rktites obtusus, with A. {Asteroceras) stdlaris and jEgoceras 

{Mwroderoceras) planicostatum. 

Arietites Turneri. 

Arietites Bucklandi, with lower sub-zone of Armoceras 
{Arietites) semicostatum [geometricum). 


i { Zone of Schlatheimia [jEgoceras) angidata. 

Tl *7 o\ fr\T mVt Iwl^P 


-\ 


Psiloceras {jEgoc&ras) planorbe. 


4 Toarcian This div\sion corresponds closely with the Upper Lias of England. It 

is -iXuveloped in Lorraine, where it is from 330 to 370 feet thick, and cons^ts 

of a lower series of marls with Posi^Momya., followed ^ S^iroLtone 

s+rulf* oolitic brown ironstone, and overlying micaceous marls, ims ironstone, 
which is marked by the presence of iMceras (Harpoceras) opalinuvi, Hanwialo^as 
insimu;, Jidcomitl ahbremattis, Oryphaa ferragin^ TWfftmia 
wXd at Longwy, Villernpt, &c., and can be traced from the Ardeehe to Lux^ 
Tn the Ardennes the stage includes a lower series of marls and clays 
riOO^Veetl with Ifarvoceras [Lioceras) serpentinum, a middle marl confining 
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Trigonia navis. lu Yoniie and Cdte-d’Or, it con«ists of the following ineiuberH in 
ascending order: — 1, marls with Posidonmnya and lurnachcllo with Hd/rpoceras 
{Liocems) ser^entinum, Cadocems Desplacvi, C. Jloland:rei feet); 2, nuirls 

with Liocenis cmwplwMduyfi^ JHldaceras hi/rons^ Turbo atpUwtif'UH (26 feed.) ; Jl, 
marls with Turbo isuhduplicaiiis, (kdaceras crassuvb (12-20 feet) ; 4, blue marls 
with Oancellophyans liassicus (25-30 feet). Near Ht. Ainaiid, Cher, tlu^ stage eon- 
sists of nearly 200 feet of marls and clays with seven recognisabhi zones. In the 
Haute Marne, it is nearly as thick- In the Bhoiie basin it consists of a lower 
group of limestones witli J^ecte.u idguiralvis, and an upper group of lerruginous 
beds, including an important seam of oolitic ironstone, and containing tin* zones 
of Ilildoceras bifrous and Liocenis {Ilarpoceras) opaiinum. In Provence, it (>on- 
sists of a thick mass of dark shales with some iimestones below and al) 0 ve, the 
whole reacliing a thickness of 950 feet. In Normandy, the Tourciun stage is 
only 20 feet thick, but shows the characteristic ammonite zones. 

3. Charmouthian.^ — The stage thus named corresponds to the English Middle Lias 
and the upper part of the Lower Lias, or zones 8 to 13 of the table on p. 1133. 
In Lorraine, where it reaches a thickness of 230 to 260 feet, it consists of the 
following three assises in ascending order: — 1, limestones {PeroceriiH {Jiiptreras) 
Davmi) and marls with phosphates ; 2, marls and ferruginous concretions 
{Amaithmis oiargarUafus) ; 3, sandstones {(irgphwarirgiddris). In the French 
Ardennes, it is 360 feet thick, and comprises: 1, sandy clay with Microiirroreras 
(uEgoceras) planicostatuw, Gryphn-d rrguld.ris, Idicatidd. spinosd ; 2, marl with 
Bekmnites clavaius, JEgoccras caprlcornu ; 3, ferruginons limestone with IbiUo. 
plmroccras {AinaWmis) sphmtnm^ Bel. paxillosas. Westwards this stage Is'comes 
almost wholly marly. In Yonne and Cote d’Or, it is divisibh^ into three assises, 
in the following ascending order: 1, Belemnitti limestone of V'enarcy (40 feet), 
comprising the zones of («) (JycLoccrus {xEipn'eraH) Vdldani, {b) /EgoeeniH vnidrvHHey 
(c) Liparoccras JleMlcyi^ (d) Bcroceras {jEyoeeras) Davd i ; 2, nd«'iic<‘OUH ainl 
pyritous marls, about 200 feet ; 3, uotlular lImeKft)ne witli large gryphiti's, and 
Pederi ser/'icwalvis. In western Switzerlaml and the adjoining tracts of France 
M. Hang has shown that three facies of the Liassic series can he ohsj'tved, arrangial 
in three parallel bands round the crystalline core of the ( ^ottian Alps. 'I’he first, 
that of the Brian^onnais, presents a series of crystalline, often brecciated, limc” 
stories, sometimes coraliferous, and abounding in lamellibraiichM and gasteroiKHls, 
with but atriding intercalation of shales and inarls. 'I’he second or Ihuiphinian 
consists of marly or compact, never crystalline, limestoneH ami clays, with abundant 
cephalopods, but no gryphmas, braclnporls, or gasteropods, and soinetiiues reaching 
the great thickness of more than 6000 feet. The third or Provencal is compoHerl 
chiefly of bedded limestones about 2000 feet thick, with aim jsj hint criiioidH, 
brachipods, and lamellibi’anchs.**^ 

2. Sinemurian.*’ — This stage corresponds to tlie greater part of the I^iwer Lias of 
England, comprising all this formation from the base of the Armdf uH zone down t«« 
the top of the AngiUatus zone. As its name deuoteK, it is typically develo|H*jt 
around Semur in the COte-d’Or, where it consistH of nodular grypliitc limestone 
with marly bands (23-26 feet), and is divisible into three zones, which, counting from 
below, are marked respectively liy : 1, ArielUes {(kmmiemin) roii/oninH ; 2, A. 
(Coroniceras) Bucklandij 3, A. {Asten/ceras) sidfaris^ A.obtitmts^ and Wnldhrhmd 
arr. Near St. Amand, Cher, it is composeil of about 15 feet of marly limegtone, 
which represent only its upper jrart In the Haute Marne and dura, it i« a 
limestone with curved gryphites, and ranges from 15 to 25 feet in thiclcnefiii. In 
the basin of the Rhone it is a calcareous formation, 20 to 25 feet thick, contain- 
iiig in ascendiii" order the zones of A^'ictUes Davldstnii, A. ddlonM, (h'ynoikmtM 
oxynotwin, iWicroderoceras {Mgoesras) planicostatum. Farther south, it swells out In 
Provence to 275 feet, and is separable into a lower gr(m|> with A ideiltru {HmwtL 
cxras) Backlandi, and a higluir with BelmifiUes aevtm and Arttiiim hmdkiduM, 
In Normandy, it is about 100 feet thick, and compriscH clays luid marly grypliite 
limestones (u4. Usidcatus), surmounted by gryphite limestones and clayn (/Hew- 
niies brevis, Waldheimia cirr.). 


^ From Charmoiitli, in Dorset, where the stage is well devtdopeil. 

2 M. Haug, Bull. Oarie (Mol Frwnce^ No, 21 (1891) ; Lory, JL K (L K (3) lx. 

3 Named Iry D’Orbigny from Semur in the COte-dTlr where tbif »tage ii well 
displayed. 
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1. Hettangiaii,^ corresponding to the Angnlatifs and Pkmorbis zone.s at the base of 
the English Lias, rests conformably on the saiichstones, marls, and bone-ljed of the 
Axicula contorta zone or Rhsetic group. In the Hettarige district the zone of 
PsilocerciH g)lanuThe, composed of dark bituminous marls and fetid limestones 
(10 to 40 feet), contains Cardinia Deshayesi^ and is succeeded by the .sandstone of 
Hettange (nearly 200 feet), with iScMotheimiu. cingvlata and numerous other fossils, 
among which are abundant .shells of Cardinia^ with Plimtida, Pecteii, Mmct, 
Monti ivaltia, and a number of ferns and cycads [Then/ matopter iff, Dictyophyllujn^ 
Thi/mfeldia, Ci/cadiles, Otozamites). The zone becomes less .sandy as it advances 
into Belgium, where it forms the Marne de Jamoigne. The Hettangiau stage of 
Burgundy is thin, and is composed of a lower Luniachelle de Bourgogne [Ostrea 
irregularis, Cardinia Lister i, 0. siuemurensis, C. trapezium, GJiybrida, Oxynoticeras 
Burgundim) and an upper marly limestone known as “Foie de Veau ” {Arietites 
lias leas, Schlotheimia angukda, S. moreaua, Oxynoticeras Bnrgundiif, Littorina 
• clathrata, Cardinia, &e.). In the ba.siu of the Rhone, the is zone is about 

40 feet tliick, and the Aoigulatvs zone 20 to 26 feet. In Cotentin, the stage is 
divisible into a lower sub-group of marls [Mytilus mmntus, Corhula Ludovicee) and 
an upper sub-group of linie.stones {Cardinia roucinna, Pecten valoniensis). 


One of the most interesting features of the Lias in the northern or Jura part of 
Switzerland is the insect-beds at Schambelen in the Oaiitoii Aargaii. The insects are 
Letter preserved and more varied than those in the English Lias. They incdiide 
representative.s of Orthoptera, Neuroptera, Coleoptera (upwards of 100 species of 
beetles), Hymenoptera, and Hemiptera. About half of the beetles are wood -eating 
kinds, so that there must have been abundant woodlands on the Swdss dry land in 
Liassic tirne,- 

Germany. —Ill north-wester n Germany the subjoined classification of the Jurassic 
system has been adopted : ^ — 



f Purbeck group (Serpulit, a limestone 160 feet thick, and Miinder Mergel, a 
scries of red and green marls, with dolomite and gypsum, at least lOOO 
feet tliick), forming a transition between the Purbeck and Portland groups. 

EimbeckhiiiLser Plattenkalke and zone of Olcostepkanus gUjas, equivalent to 
the Biigli.sli Portland group {Corhda, Modiola, Viviparus, Cyrena). 

Kirneridge group, Upper, with Exoyyra w>yi//ft = 'Virgiilian ; Middle or 
Pteroeexa {llarpagodes) beds (Pterocerian) ; Lower (Astartian, Upper 
-j Sequanian), with N'eriiirea beds and zone of Terehratula himieroLlisA 

Coral lian, with Oidarisjiorigemma, corahs, I*ecten varians, Ostrea rastellaris, 
Net in tea visurg is. 

O.xfordian, with Oryphwa dilatata, Aspidoceras perarmatiun, Oardioceras 
cor datum. 

Clays with (Josnoceras imiettwn, C. Jason, Quenstedtoceras Lamherti, 
Jieincckia ariceps, Peltoceras = “ Ornatus clays.” This stage is 

1. usually included by German geologi.sts in the Middle J ura. 
f ^ f Clays, shales, and ferruginous oolite with at the top the zone of 
20 100 J Macrucephalites rnacroeephalus, equivalent to the Callovian 
"^^ft ^ bottom that of Pajrkinsonm 

t ParJeinsoni. 

f “ Bifurcatius-scliichten” with Parkinsonia (Cosmoceras) bifnr- 
1 cat a. These “ Bifurcatus beds,” with the Hauptxogensteiii 


^ Named by Profes.sor Renevier from the sandstone of Hettange in Luxemburg. This 
stage has been widely known as that of the “Infra-Lias.” 

“ Heer, ‘ Urwelt der Schweiz,’ p. 82. 

^ Heinr. Credner, Oher. Jura iti JY. W, Deutschland, 1863. See also the works of 
Oppel and Qneiistedt quoted on p. 1132, and K. von Seebach’s Der Ilcmnoversche Jura, 
1864. Brauns’ Unter. Mittl. und Oher. Jura, 1869, 1871, 1874. 0. Fraas, \Geogno- 
stische Beschreibung von Wiirttemberg, Baden und Hohenzollern,’ Stuttgart, 1882. Tli. 
Engel, ‘ Geognostischer Wegweiser durch "Wurtteinberg, Stuttgart (1883). 

Struckmann, AT Ja/irb. 1881 (ii.), p. 102. 
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above tlieiii, iiiehuling tbe zoin'S of Oppdiu J'tfsfd and (L 
<(s-piU()i{lcs, roriii the Bathoniaii stage.* 

“Coroiiatus-seliicditeii,” clays with S(cpli(‘<ii'(‘rds hin/f/i/n'iiwi- 
aniuii, and many (morals of the genera Mo/iflirti/fitf, 
sim'Htf, (JladuphnUla^ JsastnKf^ ('(uifttsdsf rnu, mu/ T/utmnus- 
iriva/“ 

Ostrea limestone with Oslretr M<<rs}n, O. n/id Ti'Ujunia 
r()s/.at((. 

.C'lays with lU’/iUttitUcs <iuianleits. 

'Sliales, sandstones, ami ii’onstones, vvitli I tUKrtuttnus pihjpJtH'iis, 
Jjukrujla {Jlurpncrmti) M mrJusiuiu , PfrhMi jH i'sitfUit n.'i. 

Clays ami shales with Liorrrus {llttrporrnrs) o/nflinmii^ TrujiuiUi 
nuvU. 

Grey marls witli Li/fon'ruaJih-C/tsr {durensis-Mergel ), (/I’miunu- 
eerti.H {J/ar/toccrifs) rudia/ts, 

Ihtnniinous sljales (I’osidonien - Sehiel’er) with //(tr/Kiirrun 
/f/l/f.Msr, ioCA'rus {(Ja-./tK'rnfs) rniii/,imu\ Umpnoi'tiH 

Posidontunj/u. Hrunui. 

Clays with PtdtuplcutUHrnoH {Auudlhnts) s/iuudion, A niidt/wiiK 
inai'pd rUu f ifs, lU'lcm // / /r.v puj'dltisuH. 

Marls and limestones with ^Htpurrus rttprii’nnin, Prnirrrui 
Puni'L 

Dark clays ainl ferruginous marls witli Ph pi / *<('•' ru.': ihr,i\ 
Upt!ini<( (dCi/(>(r/U''t) Ju meson Tereltndnln nn misiHitlis. 

Clays with J/vV//Vr.v ohtn.sns [Tneneei]^ <Kep not i ecru s o,>t(Hohnn 
(Oxynoteiihiger). 

Oil shales and iNuitaerinus beds resting on grypldte l^meston(^ 
with AriefitcH Pneidu nd/^ (li'pphnu nrenntu. Limit tfipnnten, 
dplri/erhuc Wide.utti ( Ari(‘tensehiehten 
SandstoiKss with Sehtotlieimin mujnlntn ( Angulutcmschicliteii), 
(dtrdi n in Listeri. 

Dark (days, sandy layers, and limestone with pHi/otreu-'i p/ttn- 
I orhf { pHdonutnm) (ksilonohnikulk), 

111 lithologhial (diaraiders tin; Cerinan Lower or Llack Jura presents many |ioiuts 
of rescmblancci to the KiigHsh Ijias. Some of tln^ .shales in the upper division are iKr» 
hitumiiious as to he workahhj for mineral oil. With the general hueeesHi<»n of 
organisms also, so well worked out l>y Oppel, t^luenstedt, and (dhers, the Kiiglish 
Lias has been found to agn;e closely. 

The Dogger or Drown Jura rejutf.sents the Lower Oolite of Dngland and the 
litagea Bajocien and Bathonibn of Kramre. Its lowttr division con.sists mainly id’ dark 
clays and shales, passing np in Swabia into brown and yellow sandMfones with oolitic; 
ironstone.’* Thej central group in northern (lermany diders fVoin th** (’onespomilng 
beds in England, France, and southern Germany by the- grt-at prependmanee of dark 
clays and ironstone nodules. The upptu* grouji consistH eHHentinlly of clays and Hliahii 
with bands of oolitic ironstone, thus premmting a gnuit dillerenee t(* the maMve 
calcareous formation on the same platform in England and Franei*. 

Tlic Malm, or Uiiper or White Jura (roiTesponds to the Middle and Cpper Oolites 
of England, from the base of the Oxfonl (day upwards, with the equivalmit formatioiw 
in Franee. It is ujiwards of 1000 i'eat thick, and derives its name fioni the wliite or light 

^ For an account of tlie fauna of this stage in the upper Dheidah lowland ««* A. O. 
Schlippe, HMamL (/eol. Specud/atrf. E/sass-Lot/ir. IV. H«dt iv. (18HH). 

** (L Meyer, “ Korallen des Dogger.s,” J/z/zeaf/. tin,!, Epeeial kart, FJHamdn»the. IV. Heft 
V. (1888). 

’■* For an acs-ount of this stage see J. A. Stulmr, Ahhandl. (ML Speeiuikur!. Khnmddfthr. 
V. ii. (1893). 

■* For a detailed stratigraphical and pala;ontologieaI aee.ount c»f the Lower Dogger of 
German Lorraine see W. Branco, AhhnnuL Oe.uL SpevAid/curL E/mumm- L othr. II. Heft M. 
n879b 
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colour of it. rocks contrasted with the dark tints of the Jurassic strata below. It 
ousists mainly of white limestones in many varieties ; other materials are dolomite and 
calcareous mar 1 Its lower (Oxfordian) group is essentially calcareous, but with some of 
1 C ossi a w lie 1 occur iii the Oxford clay, e.g. Cosmoceras ornatam and Gryphsea dilatata. 
le massive hmestoney witli Oidaris jioriijcmma are the equivalents of the Corallian. 
Xhe kirneridp group presents at its base beds equivalent to part of the Seqiianian or 
A.startiau sub-stage of France supracoraUina, Natica glohom, &c.), with such 

an abundance and variety of the gasteropod genus Kcriium. that the beds have been 
named the Nerineen- Scliiditeii.” Above these come strata with Harpagodes 

marking the central zone, of the Kimeridgian stage, 
liiglier still lie comjiaet and oolitic limestones with Rrogynt virgida (Virgiilian). At 
t le top some limestones and marly clays yield OlcosUphcmiis gigas (Portlandian). The 
most important member of tlie German Kimeridgian stage is undoubtedly the limestone 
qaarried for lithograiihic stone at Solenhofeii, near Mimicdi. Its exces.'sive fineness 
of grain has enabled it to q’>reserve in the most marvellous perfection the remains of 
a remarkably varied and abundant fauna both of the sea iiiid land. Besides skeletons 
of fishes {Aspidorkyuehu.% I^cpidotus^ Megalurus), cephalopods showing casts of their 
soft parts, crabs with every part of the iiitcgiiment iii place, and other denizens of the 
water, there lie the relics of a terrestrial fauna washed or blown into the iieighbonriiig 
shallow lagoons — dragon-flies with the lace-tvork of their wings, and other insects; 
the entire skelctoius of Pterodactyle and Rhamphorhynchns, in one case with the wing 
inembrano preserved (Figs. 435-437), and the remains of the earliest known bird, 
ATc}im)pteriiJi (Fig. 43S). The upper Jurassic series is well developed in Hanover, 
wdierc it has Ijeeii carefully studied by C. Struckinann. The Portland group was .shown 
by him to contain eighty-tive .species of fossils, one-half of which are lamellibranclns, and 
to include the characteristic ammonites A. gigaSy portlandkus, Gravesianusy giganteusd 
Tlie German Purbeck groupv attains an enormous development in Westphalia (1650 feet), 
where, l)etwe(in liniestoiies full of Corhida, VivipamSy and Cgdas, pointing to fre.sh- 
vvator deposition, there oeeui* beds of gypsum and rock-salt. 

Alps. — Tile Jurassic .system in the Alps is developed under a different aspect from its 
varied characters in central and western Europe. It there includes massive reddish 
limesl^ones or marbles like tliose of the Trias of the same region. Indeed it would seem 
that tlie pelagic conditions under Avhich the Triassic limestones were deposited had not 
entirely passed away when the Jurassic formations came to be laid down. We have 
seen (ante, p. 1152) that in the w’estern part of the Alpine chain three distinct types of 
the Lias are to be found. In the Tyrol and eastern Alps the Lias presents still other 
lithological and pahcontological characters. A distinguishing feature is the ]>roiniiience 
of red and variegated marbles, also the abundance of genera of ammonites w’hich are for 
the most part feebly represented in central and western Europe. Of those familiar in the 
hitter regions, some of the conspicuous forms are sgecies of Fhylloccras, Lytoceras, Amah 
iheusy OxynoticeraSy Aodetites, Psilocei'as, and Schloiheimia, At Adneth, in Salzburg, 
this facies has been long studied. In the Hierlatz Mountains of the Salzkammergut the 
Lias is represented by massive wdiite and pink limestones with abundant hracliiopods. 
Yet with these calcareous deposits there are also developed along the southern borders 
of Bohemia and eastwards in Hungary, sandy and argillaceous strata containing so 
rnuch vegetation as to afford in some places beds of coal.- The Alpine Lias, in spite ot 
these variations of character and organic contents, shows here and there some of the dis- 
tinctive ammonite zones, so that it can be placed in comparison with that of the rest ot 
Europe. It lies conformably on and passes down into the Rluetic series. 

The equivalents of the English Lower Oolites or “ Middle Jura of the Continent 


^ X)er Obere Jura der XJingegend vou Hanover, 18/8 ; Fidcteontolog. Ahhutid. (Dames 
u. Kayzer) I. i. (1882) ; Zeitsch. Dmtsch. Qeol. Ges, 1887 p. 32. 

Neumayr, Abhand. k. 7c. Qeol. Feichsanst. 1879. 
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have been detected in both the western and eastern Alps, but are not well develo])e(l 
there. In the west, where they are about 1300 feet thick, they consist of linie.Mtone.s, 
shales, and clays with calcareous nodules, which form regular alternations. Animonite.s, 
especially of the genera Fhylloccrcts and Ljitoccrati, abound, .together with Fimdonomiju. 
The zones of LuchcUjia {Harpoccras) Murchifioiiir, Ltoaras {/larpocfras) conramm, 
Soniiitiia. Sowerhyi, S. Jtoin.ani, Stephcncems hnmphruminum^ Parkinmnm Farkinmi 
and Oppclia fitscns have been recognised.^ 

The Oxfordian and Corallian divisions of the Jurassic system, or Calloviun, Oxfordian, 
and Sequanian formations, are in general feebly represented in the Ali)ine region ; but 
the Upper Oolites or Kimeridginn and Portlandian series attain a large develojnneiit. 
It is this higher ])art of the system which in the Alps specially presents the Tithoniau 
facies already referred to. Above the zone of Oppclui tenu.ilohutiun {AfipidoccniH annifhi- 
cum) comes a mass of strata consisting of a lower group of reddish wcll-hedded lini(*..stones 
so full of TGrehratiila dipJiya. {Py(jo2)c janitor) as to he named tliei “ I)i]>hya-Iirnc.stone ; 
and of an upper thick-bedded or massive light-coloured linie.stone (Stramberg liincHtoiie, 
from Strain])erg in Moravia). The limestones are often crowded with c{!phalo]){>ds, of 
which a large number of species, many of them peculiar, have been noticed {PhyllocmtH 
ptyclioicum, Simoceras volanensc, jAonninia ( IVangenla) hyhonota, Ferlsphinetcs tmnsl- 
toi'ius, Oppelia lithogra'phimy 0. steraspis). The j)resence of some of these sheiks in the 
Portlandian rocks of Germany serves to ])lace all these Alpine limestones at tlic very top 
of the Jurassic system. About a dozen species of fossils pass up from them into the 
Cretaceous rocks. 'The shales or impure shaly limestones are .sometimes full (.)f the 
curious cephalopod opercula known as Aptychus (Aptychus-heds). Some of the more 
massive limestones are true coral-reefs. Many of tlie lirne.stono c.scarpments of tins Alps 
(Hochgebirgskalk) are referable to the ‘Terchratula diphya beds. In some ])laceH they 
are overlain by the ‘^Diphyoidcs-heds” (with Terchratula [Py(jope] dipltyoidc.a)^ (dHCAvliere 
they pass insensibly upwards into the so-called JUanconc — a white compact siliceouH lime- 
stone containing Cretaceous cephalopods. The Diphya-limcstone, with it.s p(.»ciiliar 
fossils, appears to range from the Carpathians through the Alps and Apennines (where 
it occurs as a marble) into Sicily.- 

Mediterranean Basin. — The older members of the Junissic system have been more or 
less distinctly recognised by the evidence of fossils over a wide region around the 
Mediterranean. The Lias appears in various parts of the Spani.sh peninsula, geiKirally in 
a dolomitised condition. In the centre of the Apenninc chain, where the plication.H of 
that region have brought it to the surface, it is found in the form of lim(^stt)ne.M with 
ammonites and variegated marls {Arietites, Achloihcvtnia, Lytoccras, &c.). In Calabria 
the Lower Lias has been estimated to consist of upwards of 1500 huit of white.* cry.stallimi- 
limestones {Spiriferina, Waldheimia). The formation cimsos into Sicily, wliere it Im 
yiMded some of its typical fossils. On the eastern side of the Adriatiei it ri.scH again in 
Bosnia, and has been found in Epirus, and in the opiiosite island of Corfu. 

Middle and Upper Jurassic formations Jiave a .similar distribution. They have 
been recognised in Spain and Portugal from the Lias to tlic Portlandian, the Tithcinian 

^ Hang, Bull. Cart. Ok>L France, No. 21 (1891). 

- In the voluminous literature of this subject the following works maybe coimultwi; 
Oppel, Z Deutsch. Ueol. Ges. xvii. (1865), 535. Neiimayr, Ahhandl. GeoL liekhsanHlalt, v. 
Zittel, Paldont. Mittheil. Mus. Bayer. Hebert, Bull. Boc. (tfat. France, ii. (2) ]k 148, xi. 
(3) p. 400. E. W. Beiiecke, ‘Trias mid Jura in den Siidalpen,’ 1866. ‘ GeognoKtiHcfi. 

Palaontologische Beitriige,’ 8vo, Munich, 1868. C. Moe.sch, ‘Jura in den Alpen, Ontsch- 
weiz,’ 1872. E. Fraa.s, ‘ Scenerie der Alpen.’ See also the ‘ Jura-studieii,' &c., of Neurniiyr, 
alread} cited (lu 1129), and the papers of Favre, Loriol, Renevier, and others. 

G. Stache, Ahhand. Geol. ReichsansL Vienna, xiii. (1889). A. Philippson ami G. 
Steinmaim, iT. D. G. G. xlvi. (1894), p. 116. Partsch, Petenminn. Mitth. (Ergan'zuiigHhelt 
No. 88, 1887). e 
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facies becoming strongly mai'kecl in the higher formations (p. 1148).' While these strata 
nre generally of marine origin, their higher members in Portugal present increasing 
evidence of tei-restrial conditions, until in what may be the equivalent of the 
Secjuanian and Kinieridgian stages an abundant flora has been preserved, embraciin^ 
126 s]>ecies (71 ferns, 7 cycads, 26 conifers, 8 monocotyledons), among which perhaps 
the^ most interesting forms are some that are regarded as primitive types of 
angiospernis. A remarkable similarity has been traced between this assemblage of 
plants and that found in the American Trias, three species and fourteen genera being 
comniou to both, while on the other hand a still more striking resemblance has been 
traced between it and that obtained from the Lower Cretaceous formations of the United 
States. We shall find tliat in some parts of Portugal a gradual passage can be traced 
from ,1 urassic into Cretaceous strata, and that the terrestrial conditions of> that region 
(iontiuned into Cretaceous time, tlieir record being preserved in a higher group of strata 
wherein another abundant flora has been entombed.^ The Jurassic formations reappear in 
the Balearic Isles, Sardinia, and Sicily, while in Italy the Tithonian type of the highest 
nieinhers comes out strongly among the great marble series of the chain of the Apennines. 
Jurassie fossils have likewise been obtained from the eastern part of the IMediterraneaii 
basin. Those collected at Mount Hermou in Palestine indicate an Oxfordian horizon. 
The system is thus prolonged from the European region into Asia. 

Russia. — Jurassic formations s})read over a larger area in Russia than in any other 
part of Europe, for thfjy sweep northwards over a vast breadth of territory to the "VVliite 
Sea, and extend eastwards into Asia. Yet in this wide area it is mainly the upper half 
of the system which appears. The Lias and other formations of the Lower Jurassic 
series Imve been traced in the south of the empire. Some of them are found in the 
Crimea, whence they are prolonged on either side of the Caucasian chain, but ehietiy on 
the north side as far as the plains of the Caspian Sea. Over the northern half of the 
country the various formations from the Callovian up into the Cretaceous system have 
been identified. The fauna of these Russian Jurassic formations, however, is so peculiar, 
and for a long time yielded so few species found elsewhere in Europe, that it was 
diflicult to correlate the rocks with those of better known regions. ]\Iore sedulous 
research has now in large measure removed this difficulty, by showing that some of the 
recognised life-zones of western Europe can be detected in Russia.- At the bottom lies 

(1) the Callovian stage, consisting of clays, divided into— «. Lower with Kepplerites 
{Cosmoceras) cccllovimsc, Cosriioceras goivericcmtm ; b. Middle with Cosmoa^ras Jasoii^ 
Stepheoceras coroimtum ; c. XJi)per with Quenstecltoccras Lambert i, Oosmoceras Duncani. 

(2) Oxfordian, composed of dark samly clays and divided into— a. Lower with Cardioceras 
cordatum, C, varteMrale, PerispUnctes pllcatilis, Jspidoceras perarmatum ; b. Upper with 
Cardioceras ctUenians, Pcrisphinctes MiiriellL (3) Volgian (of Prof. Jsikitin), consisting 
of green, brown, and dark sandstones and clays, which extend up to the shores of the 
Arctic Sea. They contain Ferisphinctes BUichcri, P, Nikitini with species^ of HopUtes, 
Virgcit'iteSj and a great abundance of the lamellibraneh genus Aucclla. dhis group is 
correlated by Pavlow with the Porthmdian stage of western Europe. This author 
arranges the several Upper Jurassic groups in the Syzran district as follows: 1. 
Kimei’idgian, marly clays with ReineeJekt {Hoplites) psciulomiUabilis ; 2. Poitlandian oi 
Boiionian, consisting of (rt) Bkicherkheds, shales, and clays with BeUmnites magiiijicus, 
Aw‘.ella Pallas i, and crushed ammonites of the Bleicheri type, (&) Virgatus-'heds 
pliospTiatic conglomerate and shales with Virgatites virgatus, Belemniies absolidits, &c., 

1 P. Choffat, “Receuil de Monographies Stratigraphiques,” Sen\ GeoL Portugal, 1SS5- 

1900. Be Saporta, Qmpt. rend. cxi. p. 812. L. E. Ward, 16^/i Ann. Rep. U. A. 

(1896), p. 520, m.d2)ostea, p. 1206. 

2 Neumayr, Geoejn, Palaeontol. BeitrOge, 1876, vol. ii. Nikitin, JYeiies Jalirb. 1SS6, h. 
p. 205 ; MSm. Acad. St. PHersbourg, 1881. Pavlow, Bidl. Soc. Qeol. France, xii. (1884) ; 
Bull. Soc. Rat. AIoscou, 1889, 1891. 
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(c) (?i(/a 9 ?ie'MS-beds— glauconitic sandstone, with large ammonites of the (PijaiitciiH type ; 
3. A(^iiilonian, consisting of calcareous sandstone and coni})rising (1) a 1o\V(t .su])“Htage 
or zone of Ammonites fort-gilis, suhditus, ami cateindutusj (2) a middle zone <d A. nodiger 
and A. snbdi!}iciformis, and (3) an upper zone Iloplitcs rumnsis. All tlH^se zoin^s aro- 
se connected with each other by the presence of the sanu! BrUmnites awd AurAlm {A. 
Eischeri, kc.), as to form a natural group which is regarded by Prof. I’avlow as the 
marine erpiivalent of the Purbeck beds. It is further linked with the Lovv(!r Neoeoinian 
by forms liaving Neoeoinian allinities. There is thus a marked similarity in those 
respects between it and the Speeton series of the Yorkshire coast. ^ 

Sweden. — The coal-bearing Ithaitic .series developed in Scania and referred to on 
p. 1098 is followed by a series of marine strata, in which a number of the ammonite- 
zones of the Lower and Middle Lias have been recognised as high a.s that of AmaUheiiB 
owirgaritatus.'^ At H()gana*s the lowest strata, comprising the Planorbis and Angulatue 
zones, consist of the following hands, which still sliow a mingling of terrestrial traces. 
At the base lie beds with Gardiiim Follini, GiUbieruc amgusUlolia, AagcnofiterlH rJuiifoI ia. 
These are overlain with a layer containing Cgdlas NatlLorsH and insect remains. Tlnm 
comes a bank of oysters (0. Jlisingcri, GerinllUo scanica)^ followed by one full of Avieidas 
{A. ineqW'Valvis) with Tmicredia seat rif or mis and 7\ arewu'ea. Th(^ u])p<*rmost member 
of the series here represents the Bucklmvli-'AOixw.^ and contains a number of arnmonitcH 
{A. strnzGcmiis, A. scipioniimus, A. BueJdandi, A. hisidatf us) with Oshrit (uriKUa^ 
Aviciila ineipoivalvis, Pcctcn janiifornvis, &c. At Kurreinblla the, Middle Lias is repre- 
sented by strata containing Uptonia Jamiesoni and other fossils. .InrasHic formations 
appear also on the island of Bornholm. On the island of Andii, at tlu^ north end of the 
Lofoden group, Jurassic deposits have long been recognis(*d. They inchnh; traces of a 
terrestrial vegetation {Baicra, Sdcmoqirridiuni, PJimnicopsiH. together with 

nianne shells Lima duplinda^ Pre/rn v(f/idus, P. iurmnrif tan's, A urrltu 

Keyscrlingi, and some undetermined ammonites and belemnites), which pcu’haps 
indicate Oxfordian or higher horizon.s.*^ 

Arctic Regions. — The Triassic .series in Spitzhergen already referred to i.s folhnved l)y 
Jurassic strata, which appear to belong to the lower or ndddle part of the systcun. 
They have yielded Lyioceras triparfitiim and a Gadoernts. Prom the, m'ighhoiiring 
King Charles Islands Professor Nathorst ha.s made known the existence, of rcprcHcnta- 
tives of the Brown Jura. The Tertiary basalts have tlKsre ovcrllowed and preserved a 
series of Cretaceous and Jura.ssic strata. In the latter the Bathonian Htagt; is believed 
to be represented by beds containing Pseudo monotis cchuuda, and tin? Kellaway.s group 
by overlying de})0sits in the lower part of which Macroeejiialiles Jslnuiv, var. a/r(icu, i.s 
found^ while higher u}) Cctdoccras and Belemnites suhertnisas occ.ur.^’ 

The presence of a Lower Oxfordian or Calloviaii stage in the cast of Greenland, 
within ten degrees of the pole, has been proved by the discjovery of MacriHiepfatlUcH 
macroccphcdiis, Gadoceras TcJyfkini?, C. modiolaris, Belem nUes Panderi, ka. Below' 
this stage lies another band containing Macrocephalitrs IsJumv and thn?e sp<*(dcH of 
belemnites, which may perhaps ropre.seiit the Corrdjrash. In the same group of strata 
a characteristically Jurassic flora is met with, including speeicH of Phyllothf&i, 
Anomozamites, Zmniopteris, Aspleniuni, Farther south on the GriMoilaml coast, 

^ Pavlow, Bull. Soc. JSuit. Moscou, 1891 ; Q. J. O, B lii. (1896), j>. 542, See furtlier on 
this subject a paper by Prof. E. Hang, “ Portlaiidien, Tithoniqiie et V'olgienJ' P. S. (t, F. 
xxvi. (1898), p. 197. 

B. Luiidgreii, Unveersit. AarsJerift., Lund, xxiv., 1888. J. Molxu'g, Sreriy. (teo. 
Undersokn., Stockliohn, 1888. 

Heer, ‘Flora Fossilis Arctica,’ iv. 3 (1877). 

B. Luridgren, Videnskahs-Selsk. Forhandl., Cliri.sti.ania, 1894, No. 5, 

^ Geol.Foren. A erM/u/L, Stockholm, xxiii. (1901), p. 341. 

Messrs. Newton and Teall, Q. J. G. H. liii. (1897), p. 477 ; Hv. (1898), p. 646. 
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Jurassic rocks have been found at Cape Stewart on Scores bj Sound (lat. 70° •25), where 
thirty-seven species have been described, probably indicating a Callovian horizon.^ 

America. — So far "as yet known, rocks of unquestionably Jurassic age play but a 
.subordinate part in ISTorth American geology. Ifo marine Jurassic rocks liave yet been 
found along the Atlantic border. Some geologists hav(3 regarded the upper part of the 
estuarine Newark series (p. 1110) as rather Jurassic than Triassic. With more palaeon- 
tological force the late Professor Marsh strongly maintained that the Potomac formation, 
which has generally been placed in the Cretaceous system, should be regarded as the 
equivalent and representative of the lacustrine Atlantosaurus beds of the interior of 
the continent, which, on the ground of their vertebrate fauna, have been admitted to 
be Jurassic. As has been recently shown, the so-called Potomac formation is probably 
Jurassic in its lower and Cretaceous in its upper portion. “ 

In the centre of the continent marine fossils of Lower Jurassic age have been 
obtained in Wyoming, Dakota, and other .states. Above this marine platform comes 
a series of highly-coloured clays of lacu.strine origin, full of vertebrate remains, to 
which further i-eference will be made in the next paragraph. In California a repre- 
sentative of the European Lias has been found containing ammonites of the Arietites 
type. Middle Jurassic rocks appear to exist in the same State, where the upper part of 
the system is also well represented. Lower Jurassic formations extend into Oregon, and 
reappear among some of the islands within the Arctic Circle (Griniiell, Prince Patrick, 
Bathurst). Ee mains of Ichthyosiminis were brought by Sir E. Belcher from Exmouth 
Island. Jurassic strata not only stretch along the western slopes of North America, 
but also along those of the southern half of the same vast continent. From Bolivia 
and Argentina representatives of the Lower and Middle formations have been announced.'^ 
The clays above the marine platform above referred to have been studied by Professor 
Marsh, who obtained a large series of vertebrate remain.s from them in Wyoming and 
Colorado. He subdivided them into two groups : (nr.) the Ba2)tanodo7i’hQ(l& at the 
base, so named from the genus of large swimming reptiles entombed in them ; (h) the 
AClantostmnis-heds, of -which that gigantic deinosaur is especially characteristic. The 
discovery of so remarkable a fauna gave a wholly new interest and importance to the 
Jurassic rocks of America. Among remains of fish {Ceratodus), tortoises, pterodactyles, 
and crocodilians, there occur the bones of herbivorous deiiiosaurs {AUantosaurus^ 
jB7'07itoscti(,rios, Stegosaurus, Mo7'osaur7is, Apatosauo'us), together with the carnivorous 
C7'eosaurus and the curious ostrich -like Zaosaitinis. With this rich and striking 
reptilian fauna are a.ssociated the remains of many genera of small mammals named by 
Marsh Allodon, Ctenacodoii, DT'yolcstes, Stiflacodo7i, Astheiiodon, Laodou, Diplocy7iodo7i, 
Docodo7i [Enneodon], Alenacodon, Tmodon, Triconodo7i, Friacodou, Pau7'odoii.‘^ 

Asia. — From Asia Minor and the basin of the Caspian the Jurassic formations are 
prolonged eastwards through Kurdistan and Persia to Afghanistan and India, reappear- 
ing even in Borneo and Japan. In Afghanistan the Triassic series reierred to on p. 1107 
is overlain with plant-bearing sandstones and volcanic bands which at their base contain 
marine fossils that have been referred to this geological system. Of the great 

On the Jurassic fauna of Cape Flora, Franz Joseph Land, see J. F. Pompecky in Nansen’s 
‘Norwegian North Polar Expedition,’ 1893-96, p. 147, and on the flora, Nathorst in .same 
volume, p. 26. 

^ B. Liuidgren, ‘ Medclelelser om Grdnland,’ xix. (1895). 

- Marsh, A7m7\ Jo7ir7i. Sci. ii. (1896), p- 433: vi. (1898^ p. 105. See p. 1210. 

•' Steinmann, JYeucs Jahrh., 1884, j). 199. 0. Behrenden, Z, I). <J. (7. xliii. (1891), 
p. 309. The latter writer reports Lower and Middle Lias and higher Jurassic beds from 
the eastern slopes of the Argentine Cordilleras. 

^ A'nier. Joiirn, Sci.xv. (1878) p. 469 ; xviii. (1879) pp. 60, 215, 396 ; xx. (1880) 

p. 235 ; xxi. (1881) p. 511 ; xxxiii (1887), p. 237 ; Oeol. Mag. (1887) pp. 241, 289. The 
fresh--3vater invertebrates are described by C. A. White, B. U.S. (i. S. No. 29 (1886). 
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(iondwaiia system of India the upper members have been likewise paralhded witli tlie 
Jurassic rocks of Europe. Uiicoiiformably above tlie I’aiichet ^.fi'oup (p. 1107) (tome the 
Biajmahal dolerites and basalts of Bengal, with associatcil grey and <i.'irb()naeeouK shales, 
sandstones, and grits, reaching a thicknes.s of at hiast 2000 feet, of which the sedi- 
mentary intercalations never exceed 100 feet in the aggnigate. Thcs(! strata hav«* 
furnished a. large number of terrestrial ])latits (ferns, cycads, and coniicr.'-'), whidi are 
strongly marked off from those in the Ijower Gondwaiia formations, ]i(*iiig espedally 
distinguished by the great predominance of cycads, particularly f)f PtUoph tillii ui acuti- 
folium. Higher in the series are the Golapilli beds, whicli besides land-])laiits contain 
marine shells {Stopheoceras opis, MacroccphalUettj Pcnid, Oenn//i((, NuaUaiut, TrUjonUf). 
Near Madras also, in the Upper Gondwaiia series, besides the land-}>lants, f here occur 
ill-[)reserved ammonites and other shells. It is in (hitch, however, that marim* JiiraKsic 
formations are best developed. In that district lies a .series of strata, (‘stimateil to be 
0300 feet thick, of which the lower half con.sists of liine.stones, oolites, shales, and saml- 
stones of marine origin, while the upper half is rno.stly sandstone, shale, and cfnigloirierate, 
with land-plants. This series has been subdivided into tlie following grouj>s in a.scend- 
ing order: (1) Patcham (=:Bathonian), consisting of (n) lower yellow sa,ndstones and 
limestones with Trigoniie {T. costata)., Corbuhe, &c. ; (//) light grey linK'st.om’S ami Hhales 
\vit\i (Ecotraiisks serrigerm. (2) Chari ( -Callovian and ])art of Cxfordian), eompoHcd 
of four groups, viz.: (c) shales and calcareous bands with MitrrorrjihdUft'H iiiKrruciyhdluH^ 
M. iumidus, Sphairoccras hullai'um, Oppclia suhutsUUa,^ Pcri.yjkhtcfcs fuHutus ; (^/j shales 
with Perisphinctes oUnsicosta ; (e) white limestones with Pelhnr.ms nffih tu^ (^ppcUa 
bicostata ; (/) oolites with blbp/imceras Polijphi'nms^ PcrinphindcH i/ido - ((rrnuui un^ 
Felioceras arduc'/iiLcim, kc. (3) Katrol (~]>art of Oxfordian and Kimeridgian) : 
(g) red ferruginous and yellow sandstones with Htrplu'ocvnia uidgn, Anphlmri’m 
'perarmafdm, Perisphinctes virgiiloides ; (A) sandstones and sliales witli PJii/lltHrruH 
ptychoicwui^ JSfeAcmdyria trachipwta,^ Pcrisphimies torqtuUe.s. (4j Ihnia ( Port land and 
Tithonian of southern Europe, and pas-sing up into representatives of the. Neoeomian 
formations). Only the lower part of this grouj) need here (pioted. It eonKists of 
G) sandstones and conglomerates with Perisphi/udes Rlmc/irri, P. .si/pr<fJiur./iHiS, P. 
fregmnSy P. denseplic/ttus^ Trigonm Anieci, T. ventricosa. The last t wo fossils have 
likewise been recognised in strata overlying the Kajinahal group, and thus supply a 
link to connect the Upper Gondwaiia rocks with the J ura.Msi(r si-ries of ( luteh. Altogether 
177 species of ceplialopods have been obtained from these Gutch deposits, of which at 
least 50 are common to the Jurassic formations of Europe. It is noticeable also that 
the European ammonite zones are repeated with remarkable, simihuily in this 
Indian region.-^ 

Jurassic rocks are found in the west lialf of the Salt Range, but their sctpieiice and 
palfeontological relations have not been worked out. In the Himalaya chain tlie foKwIn 
of the Spiti shales have long been known, inasmuch as th(*y had ae«piircd a saered 
character and become objects of commerce.*'^ They indicate the jirescnec in that region 
of Callovian and Kimeridgian horizons. Tin* Sjati shales have been recognined to the 
north of the Karakoram range in one direction, and in Hazara on Mu* oilier. Jurawic 
rocks have likewise been repoi’ted from the north of Nepal, 'fhe JuraHsiir Hystem has 
been recognised in small detached areas of Japan, and iirescnts there both a niarim* and 
brackish- water type. The marine strata apjiear to represent the lowm* pint of tin? 
system or Lias, for they include species of Harpuccras, Perlyduudrs, Arid-lley and 
jEgoceras^ some of which are allied to, if not identical with, Enropean tbrniH, togethi;r 
with Trigonm cosfata and species of Cyrena, GervUlia, Pertm, ki\ The land-plant.s 
(chiefly ferns and cycads) number about Jifty species, nineteen (»f wbieb are als(» found 

^ ‘Manual of the Geology of India,’ 2iid edit, chap.s. vii,, viii., and ix. 

On the Juras.sic formations of the Himalayas and (Jentral Asia, sec H. Nikitin Senm 
Jahrh., 1889, ii. p. 116. 
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in the European Lowei- Jurassic series, such as Tliyrsopsis murrayam, liicksmiU 

■lohithyeim, Pecopte.ris cxilis, AUssouia ormiialis, PoiUmmitvs 
l(inLCol(<tu,% (nnkgo dnjita.tfi^ Ti'iius Kordensicjolclid 

Africa. --Jurassic rocks have been recognised in widely separated parts of this 
continent, llie Lias aj, pears in Algeria, where some of its lower beds contain Cardinia 
IKalcoUt, while its higher members are better developed and have 
yiAd^dGravvmocerm G. toarcemc, PylloceraMietcrophylhcm, and other forms 

Bathoinaii formations have been noted in Abyssinia, in Somaliland, and much 
farther south in Cape Colony. They cross over into the west side of Madagascar. 

A-Ustralasia.— J he existence of Jurassic rocks in Queensland and western Australia 
has been demonstrated by the discovery of recognisable Jurassic species and others 
closely allKid to known Jurassic forms. In Queensland above the Permo-Carboniferous 
looks comes the Burrum formation, a great series of coal-bearing rocks, with SpJwnopteris, 
Thhinfeldia, AlefJiopteris, T'miiopteris, Podozamites, Otozamites, JBaiera, and a few animal 
I’emaius, including species of Corlncida and Gastrochmnia {Rocellaria), This gi-oiip is 
followed by Jiiiother sandy and conglomeratic series with ahiindant remains of land- 
))lants and workalile coals, forming the valuable Ipswieh formation. From these strata 
a largo flora has been collected, together with cyprids, coleoptera, and Unio. From the 
plant-remains these two formations have been grouped as J ura-Trias.^ Traces of Jurassic 
rocks have been found in New Caledonia and the northern end of New Guinea. 

In New Zealand a thick series of rocks classed as Jurassic is subdivided by Sir 
J. Hector as follows : — 


Mataura scries, estuarine, with terrestrial plants (8 species known). 

Piitakaka series, inarlstones and sandstones passing into conglomerates, and 
enclosing plant-remains and irregular seams of coal ; marine fossils (11 species 
known) of Middle Oolite facies. 

I'i'lag Hill series, with species of Rhynchonella, Terebratida, ^ipiriferina, &c. 

Catliii’s River and Kastion series, consisting in the upper part of conglomerates 
'and grits, with obscure plant-remains, and in the lower part of sandstones. 
Fossils alnindaiit (especially ammonites), and affording means for defining 
liorizoiis. This division is referred to the Lias.® 

A sornevvliat different classification has been publislied by Captain Hutton, wlio 
comprises these strata in his “ Hokanui system,” which he estimates to be in the 
soutlieni part of Otago between 20,000 and 25,000 feet thick, and which he subdivides 
into two sections, the lower termed the “Wairoa series,” regarded by him as Triassic, 
and the “Mataura series ” above, paralleled by him with the Jurassic formations of other 
countries. Terrestrial jilants are found all through the system, and in the upper part 
thin .seams of coal often occur, the most characteristic plants being sjiecies of Ptero- 
jdu/Rum, Podozamites, Thinnfeldla^ Tmniopteris, and Polypodium. The Wairoa series 
yields Monotis salhuirla, Ualohia Lomelli, Mytilus prohUmaticus, and Splrigcra JVreyi^ 
&c. ; while the Mataura series is characterised by Ammonites novo-zelandicus, Belein- 
‘nites auklandicns, B. Iloclhsietteri, B. catUoicnsis, Inoceramits Haasti, Aucella plkata.^ 


Section iii. Cretaceous. 

The next great series of geological formations received the name of 
Cretaceous from the fact that, in north-western Europe, one of its most 

^ ‘Outlines of the Geology of Japan,’ by Imp. Geol. Surv., Tokyo, 1900, p. 52. 

* Ficbeur, B. S. (L P\ (3) xxiv. p. 1142. 

Moore, Q. J. G. E. xxvi. 261. W. B. Clarke, op. cit. xxiii. 7. R. Etheridge, jun., 
‘Catalogue of Australian Fossihs,’ 1878. 

^ Jack and Etheridge, ‘ Geology and Palseoutology of Queensland ’ (1892), chaps. xxiii.-x.xx. 
® Hector’s ‘ Handbook of New Zealand,’ p. 31. 

Q.B G. S., 1885, p. 202 ; Trans. Xew Zecdancl Tnst xxxii. (1899) p. 165. 
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important members is a thick band of white chalk (r/rda). It presents 
very considerable lithological and palaeontological differences as it is 
traced over the world. In particular, the white chalk is almost wholly 
confined to the Anglo-Parisian basin where the system w'as first studiecl. 
Probably no contemporaneous group of rocks presents more remarkabb^ 
local differences than the Cretaceous system of Europe. These differences 
are the records of an increasing diversity of geogra[)hical conditions in 
the history of the Continent. 

g I. General Characters. 

Eocks.^ — In the European area, as will be afterwards pointed out 
in more detail, two tolerably distinct areas of deposit can l>e recognised, 
each with its own character of sedimentary accumulations, as in the 
case of the Jurassic system already described. Tin*, northern tract 
includes Britain, the lowlands of central Europe southwards into Hil{‘sia, 
Bohemia, and round the Ardennes into the basin of tlie Seine. The 
southern region embraces the centre and south of France, the range of 
the Alps, and the basin of the Mediterranean eastwards into Asia. In 
the northern area, which appears to have been a basin in great measure 
shut off from free communication with the Atlantic, the (h^po.sits are 
largely of a littoral or shallow-water kind. The basennuit beds, usually 
sands or sandstones, sometimes conglomerates, are to a mark(‘.d extent 
glauconitic (greensand). The marked diffusion of glauconite, botli in 
the sandstones and marls, is one of the distinctive charaettu's of this 
series of rocks. Another feature is the al>undance of solnlile silica 
(sponge-spicules), more particularly in the formation called the lJi)pm’ 
Greensand, and in the Lower Chalk of many parts of th(‘ south and 
south-east of England and the north of France. In Saxony and F>oh(imia, 
the -Cretaceous system consists chieffy of massive sandstomiH, which 
appear to have accumulated in a gulf along the southern margiri of 
the northern basin. Considerable bands of clay, occurring on different 
platforms among the European Cretaceous rocks, arc oft(m charged 
with fossils, sometimes so well preserved that the |)»‘arly nacre of the 
shells remains, in other cases eiicrusted or replaced " by marcasite. 
Alternations of soft sands, clays, and shales, usually more or less 
glauconitic, are of frequent occurrence in the lower parts of the 
system (Neocomian and older Cenomanian). The calcareous strata 
assume sometimes the form of soft marls, which pass into glauconitic 
clays, on the one hand, and into white chalk on the otlier. The 
white chalk itself is a pulverulent limestone, mainly composed of 
fragmentary shells and foraminifera.- Its upper pai*t shows layers 

Ihe niostf detailed iiiforiiiatioii regarding tlie itiineralogical and (;li(‘inif*al (;onipf)Hltiori 
of the rocks of this .system will l)e found in Cayeiix’s monograph (-it(;d on p. 1 Od. Hc*e ako an 
essay by Dr. W. h. Hume, ‘‘Chemical and Micro-inineralogical ReseandieH on tlie Upper 
Cretaceous Zones of the South of England,” London, 1893. 

- For a comparison of chalk with mo<lern [ihUrjerina-wv/x', see Caveux, as akive cited 
p. 490. 
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of flints, which are irregular lumps of dark- coloured, somewhat 
impure chalcedony, disposed for the most part along the planes 
of bedding, but sometimes in strings and veins across them. The 
flints frequently enclose silicified fossils, especially sponges, urchins, 
hrachiopods, &c.^ (see pp. 179, 625, 831). The chalk, in some places^ 
becomes a hard dull limestone, breaking with a splintery fracture, 
Nodular phosphate of lime or phosphatic chalk, occurring on different 
horizons in the system, is extensively worked as a source of artificial 
manure in the Upper Chalk of Belgium.^ It has been found also in 
the north of France, and at Taplow, near Maidenhead, in England.^. 
The chalk of Britain and the north of France not infrequently contains 
pebbles and even boulders of granite, quartzite, sandstone, coal, or other 
foreign rocks. Various explanations have been proposed to account for 
these transported materials. On the whole, it seems most probable that, 
as in the case of the boulders in the Coal-measures (p. 1016), they were 
originally entangled among the roots of trees which, ]:)eing swept down by 
floods, floated out to sea and dropped their freight of soil and stones to 
the bottom.^ 

The terrestrial vegetation of the period has in diiferent places 
been aggregated into beds of coal. These occur in north--\vestern • 
Germany among the Wealden deposits, where they are mined for use ; 
also to a trifling extent in the Wealden series of England; they are 
likewise found in the Cenomanian series of Saxony and the Senonian 
of Magdeburg. The upper Cretaceous (Laramie) rocks of the Western 
Territories of the United States consist largely of sandstones and 
conglomerates, among which are numerous important seams of coal. 
Beds of concretionary browm iron-ore are present in the Cretaceous 
series of Hanover, and similar deposits were once worked in the 
English Wealden series. In the southern European basin, where 
the conditions of deposit appear to have been more those of an 
open sea freely communicating with the Atlantic, the most noticeable 
feature is the massiveness, compactness, and persistence of the 
limestones over a vast area. These rocks, often crowded with 

hippuritids, from their extent and organic contents, indicate that, 
during Cretaceous times, the Atlantic stretched across the south of • 
Europe and north of Africa, far into the heart of Asia, and may 
not impossibly have been connected across the north of India with. 
the Indian Ocean. 

Life. — The Cretaceous system, both in Europe and North America^ . 
presents successive platforms on -which the land- vegetation of the ' 
period has l^een preserved, though most of the strata contain only 
marine organisms. This terrestrial flora possesses a great interest, 

^ See W. J. Sollas, 3Iaff. Nat. Hist. vi. (1880), p. 437. 

^ Cornet, Q. J, G. S. xlii. p. 325. Reiiarcl et Cornet, Bull. Acad. Roij. Belg. xxi. (1891) 
p. 126. For a recent contribution on this subject, see J. Gosselet, Ann. Soc. Qiol. Nord^ 
XXX. (1901) p. 208. 

A. Strahan, Q. /. G. S. xlvii. (1891) p. 356. 

For the literature of this subject see M. Cayeux’s work above cited, p. 418. 
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for it includes the earliest known progenitors of the aliundant 
dicotyledonous angiosperms of the present day. In Kuro})e during 
the earlier part of the Cretaceous period, it ap])ears to havt? closely 
resembled the vegetation of the previous ages, for the sani(‘ genera 
of ferns, cycads, and conifers, which formed the Jurassic woodlands, 
are found in the rocks. Yet that angiosperms must have alri’ady 
existed is made certain l>y the sudden appear*ance of numm’ous forms 
of that class, at the l)ase of the Upper Cretaceous formations in Saxony 
and Bohemia, whence forms of Acer, Aliuii>, Crediiervf, a.n(l other 

dicotyledons have l)cen olitaincd. Similar evidence of tin* appi'arancc 



Fig. 440.— CrotacfiouH PlantH. 

a, Querciis riiikiaua (g) ; h, Ciimaiiunnum Ht^mniioriHc (g) ; Ficun nUiviiia (^) ; »/, .Hji-wafnis 
recurvata (§) ; r, .Iuglan8 arcth'a (|). 

of Qmrcus, Sassafras, Plafauus, and many other dicotyledons, in the 
midst of abundant ferns and cycads, has been obtained from the Lowm* 
Cretaceous series of the Spanish peninsula and the Unitt^d Stat(*s. Still 
more varied and abundant is the flora preserved in the I'ppcjr Cretaceous 
formations in Westphalia, frorn which many species of dieotyledonous 
plants have lieen detained, belonging to the genera Popalus, Mifrhi, Qiinrus, 
Ficus, Crednena, Vihurnum, E'luuihjphia, il'c., besides algie, fe*rns, cycads, 
conifers, and various monocotyledons (Fig. 446).^ Another rich Cretiiceous 

^ Hosiiis and Von der Marck, “Die Flora der WentfaliKclnBi Kreideldrniatioii/* 
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flora, found in tlie corresponding beds at ‘(./hape‘llc, ineludes numerous 

ferns {fJlekhenuij Lygodium.^ Eanmtes, 1 tnRlokhimia\ conifers 

(Sequoia j CuiimngJuwiites), angiosperms, f I h'y(q)hifllmn.^ Myricofhjllmn, 
Eicus, LaurojEiyllmn, and three or four of screw-pin(3 (P{inda/um)J 

The prevalent forms which give so niocLox“ii an aspect to this flora, and 
which occur also in Westphalia, have beoxi i’Cigard(‘.d by sorno botanists as 
Proteaceae, and have even been referred "to ^cneiu still living in Australia 
or at the Cape of Good Hope, The of Kuropo, at the close of 

the Cretaceous period, was doubtless warmer than that which 

now jDrevails, and nourished a vegetat/ioii like that of some parts of 
Australia or the Cape. Further inf ormB/'t*i^>iA has been afforded regarding 
the extension of this flora by the discovoty in Isforth Greenland of a 
remarkable series of fossil-plants, of wtri oli 1 1 ecu* described nearly 200 
species, including more than 40 kinds of feiiu is, with club-mosses, horsetail 
reeds, cycads (Oycas, Podozainites, Otozami^tf'Sy ZarnikE)^ ginkgoaceai ((HnkgOy 
Baiera), conifers (Juniqems, Thnyites, Pyk'f/noia, JMt'ntiiutm, Pimis, Ac.),, 
monocotyledons (AvundOy Potamogetori^ <.K;c.), and many dicotyledons, 
including forms of poplar, myrica, oak, Hg, walnut, plane, sassafras, laurel, 
cinnamon, ivy, aralia, dogwood, magnolifi*, eiicaly|)tuH, ilex, buckthorn, 
cassia, and others.- 

In North America, also, abundant ire mains of a similar vegetation 
have been obtained from the Potoma-o formation and the Cretaceous 
rocks of the West. The Laramie grcy\xi> of strata in particular has 
yielded a remarkably large and varied flora. Out of more than 100 
species of dicotyledonous angiosperms tlioi'c found, half are related to 
still living American trees. Among t/lieTn arc species of oak, willow, 
beech, plane, poplar, maple, hickory, tulip-tree, sassafras, laurel, 

cinnamon, buckthorn, together with. ferns, Amer’ican palms (sahal, 
Plabeliaria), conifers, and cycads.^ The IV>tomac formation of Virginia 
and Maryland has a special interest firoxti its age. It is referred with 
some probability to the Neocomian peariocl, and it had, up to the year 
1895, yielded about 198 genera and 7 3T Bj-xecies of plants. These included 
31 genera of ferns, 14 of cycads, 34 of conifers, and 8 of monocotyledons. 
But besides this assemblage, which is diBtinctly Mesozoic in character, 
the deposits have furnished no fewer "blisin 93 genera and 330 species 
of dicotyledons. Of these higher forms of vegetation the more peculiar 
seem to be what are known as “ genei'a^linod types,” indicating the grekt 
antiquity of the flora. But among the genera there are found Araluiy 
Cinnamomum, Ficus, Hedera, Ilex, J wr/Zcjt,7i,% JunipernSy LauruSy MafjnoUa 
(5 species), Myrica, Platamcs, Quercus, F^/irirrmiw, Salix, Basmfras, VilmrnwmJ 

PaldBontographica, xxvi. (1880) p. 125. The tota,l flora deHcribed by tlieno obBervers Ib 
made up of 85 species from the Upper and 20 spocsitsB from the Lower CretaceouH beds. 

^ Debey and Ettingshauseii, Denksch. AkaeZ. Wimi. xvi. (1859), xvii. (1860). T. Lang, 
Z, D. G. (r. 1890, p. 658. H. von Dechen, as cited postm, p. 1204. 

- ‘Flora Fossilis Arctica,’ vols. vi. and vii. (X8B12-8J1). 

^ For a synopsis of the Laramie flora see L. H'. "Ward, Wh Ann. Itep. U.S. (/. S. 1885 ; 
see also Newberry, xxxv. U.^^. G. S, (!IH98), 

W, M. Fontaine, ‘The Potomac or Younger Mesozoic Flora,’ Motiog. xv. U.K (L 
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The known Cretaceous fauna is tolerably extensive. Foranhnifera 
now reached an importance as rock-builders which they had nevei bcfoio 





Fig. 447.— Cretaceous Forauiiiiifera. 

a, Gandryina pupoides, D’Orb. ; \ Globigeritia cretacca, I)’< )rb. ; »•, ( .’ristellaria 
rotulata, D’Orb. (all uiagiiiliiMl). 

attained. Their remains are abundant in the wliite chalk of the noi’thern 
European basin, and some of the hard limestones of the southern basin 

are mainly composed of th(hr aggregfited 
* shells, 'rhe glauconite grains of many of 
the greenish strata are th(i internal casts 
forarainiferous vsliells (see pp. IHl, 627). 
Some of the more freiimmt gtmera are Alveth 
Una, AnmwdwiH^ lUdiiidna., (\dcarlna, GrhieU 
\ larici, JHscorbiua, (dobujari/ia, Lar/NKf, Man/iti- 
ulina, Orhitdina, Palifniurphiiut, 1 lot alia, and 
Te:dalavi(i (Fig. 447).^ Kadiolaria have lieen 
found abundantly in sorm*. parts of the 
system, but their skeletons appear to be 
liable to alteration when entombed in a silt 
of mixed siliceous and calcareous composi- 
tion, which may account for their dis-» 
appearance from strata in wliich they 

Fig. 448.— Cretaceous spuiigcH. might have been (expected to occur.™ 

((, sipbonia tuiipa, 2 :itt. veutvi- Representatives of the Liosplnerids, Astro- 

sphierids, Staurosphairids, Discoids, Cyrtoick, 
and Stephoids have b(*.en dctcjcted in the 
English Cretaceous series.'* Calcareous Sponges ar(i of frecpient 
occurrence, as in the genera Feroniddla, (dti/tadla, Farmisk, while 
siliceous forms must have swarmed on the floor of the Cretaceous 
seas, for their siliceous spicules arc abundant, entire individuals are not 
uncommon, and they appear to have mainly contributed to the formation 

(1889); L. ,F. -Iv/w. Fej). U.K (/. K (I89rd, pp* Set* alsf) O. 

Fcistmantel, Z. I). (/. (f. 18S8, p. 27. 

^ For a catalogue of Cretaeeou.s forauiiiiifera see T. liui»ert Joiu^k, (ieti, Matj. 1900, p. 
22.5 ; also F. Cliapinaii, Q. J. O'. X 1. (1894), p. 726. The foraiiiinifera of the Aix-lad ’hapfilh* 
Olialk are deserilicd hy J. Beissel, Ahhandl. (feoL LdfulmtnM. N’eue Folg. Heft tl. 

- W. Hill and A. J. Jiikes-Browue, Q. J. if. K li. (189.5) p. 600. 

Mr. W. M. Holmes has described 20 genera and 41 species from the Upper Uhalk of 
Ooulsdon, Surrey, Q, J. O'. K Ivi. (1900) p. 694. See also the work of M. (layeux. 
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of the important accumulations of flint and chert.i Characteristic siliceous 
^48) are Siphonia, Cmloptychmm, Coscmopora, VenlriculUc^, 
Uphahtei^, and Flocoscyphia and Stauronema. Undoubtedly sponges, as 
well as ladiolaria, secreted an enormous quantity of silica from the water 
of the Cretaceous sea, and though the flints are certainly not due merely 
to the direct action of tliese organisms alone, amorphous silica may have 
been aggregated by a process of chemical elimination round dead sponges 
or other organisms (p. 625). Mollusks and urchins have been completely 
silicified in the Chalk. 

On the whole, Corals are not abundant in Cretaceous deposits. 
They seem to have been chiefly solitary forms, though in the Maestricht 
beds of Denmark, the Uaxoe coral - limestone, the Neocomian and 



Fig-. 440.-~Upper Cretaceous EcUiiioids. 

(.<, Galerites (Eehinocoiius) couieus, Bruy. (=Galentes albo-galerus, Lam.)(§); 7/, Aiuniehytes 
ovatim ( = Eclunocorys vulgatus, Leske) (|) ; c, Micraster cor-anguinum, Klein (1). 


Turonian series of France, the Turonian rocks of the Alps and 
Pyrenees, true reefs have been met with, and the corals of Gosau ai-e 
well known. Some of the more characteristic genera are Trockoci/athus, 
Caryophyllia, Trochosmilia, Farasmilia, Microbada, Ci/doliten, and Holoa/stis. 
Sea-urchins are conspicuous among the fossils of the Cretaceous system. 
A few of their genera are also Jurassic, ■while a not inconsiderable 
number still live in tiie present ocean. One of tbe most stiiking results 
of modern deep-sea dredging is the discovery of so many genera of 
echinoids, either identical with, or very nearly resembling, those of the 

See on Sponge sioicules, papers by Professor SoUas, Ajut. Alag. Sat. Hist. ser. o, vi. 
and memoirs by Dr. G. J. Hinde, ‘ Fos.sil Sponge Spicules,’ Munich, ISSOj ‘Cat. of Fossil 
Sponges. British Museum,’ 1883; PhU. Trans, vol. clrxvi. p. 403, 1886; ‘British Fossil 
Sponges,’ Pal. Soc. vol. xl. xli. 1887-88. The sponge spicules of the Upper Cretaceous 
rocks are very generally in the condition of amorphous or colloid silica; those of the Lower 
Cretaceous are frequently of crystalline silica. 
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Cretaceous period, and having thus an unexpectedly antique character. 
Some of the most abundant and typical Cretaceous genera 44d) are 

Cidwris, Ortlwcukms, Saknia, Hemicidaris, Fsmdodtademi, < iiphosoma, 
Echinocmlms, Cmoclypeu^ Echimcyanms, Galenks {Echinoamm), 

Colhniies, Amvnchyies (Echinocorys), Echmoqmtagui< {Toxaster), Jlo uder, 
Micraster Semiaster, Hemipneustes, Oardiaster, Pygnrns, Er.hiiwhrisHUs 
(Nadeolites), Dmoidea, Phyniosoma (Ciiplwsoma). The Critioids continue to 
be represented in the Cretaceous system, of which Marmpiles, Umtacnnns, 
Fhyllocrimis, and Fourguetimnus are characteristic. Star-fishes are 
common on some horizons, particularly species of CaUiderma, Fentagmimfn, 

and other genera/^ . 

Polyzoa abound in some parts of the system, especially in the upper 
formations, from which D’Orbigny descrilied no fewer than SfiO species. 



h 


Fig. 450. — Cretaceous Bracliiopods. 

a, Terebratula caruea, Sow. (§) ; h, Lyra (Terebrirostra) lyra, Sow. ( 3 ) ; r*, Rhynchonella 
plicatilis, var. octoplicata, How, (s). 

Some of the more frequent genera are Cellaria, OnycJiociilla, Mmdmmvpmv^ 
Mkropora, Stomatopora^Probosdna, Bereidcea, Orisina, and PMalophora!^ The 
Brachiopods (Fig. 450) are abundantly represented by Rhynchonollids and 
Terebratulids, characteristic types being species of liliipidioneMa, Pemjrith 
ella, I'erehrakila, Magas, Terebratulma, Terelmtella, Kingena, Lyra {Tmbrk 
rostra), Trigonosemus {Fissirosfra), besides representatives of the ancient 
Lingulids, Discinacea, Craniacea, and Thecidiidae. 

Among the most abundant genera of Lamellibranchs ^ (Fils- 

^ A. Agassiz, “Report on Echinoidea,” Clutllenffer Expedition, vol. iii. p. 25. Dr. A. 
W. Rowe lias shown the great value of the genus MicraHUr for purpo.ses of zonal arrange- 
ment ill the Chalk, J. (P Iv. (1899) p. 494. 

- The regular ecliiiiids of the Chalk as found in North Gerniany are (leseribed by C. 
Schliiter, AhhandL Preuss. deal. Landemnst. Neiie Folg. Heft 5. The Cretaceous 
Asteroidea are described by W. P. Sladen in the volumes of the Palceontograph. Hoc. 1891- 
1893. 

^ See J. W. Gregory, ‘ Catalogue of Fossil Bryozoa in the .British Museum : The Creta- 
ceous Bryozoa,’ 1899. 

^ An important contribution to this part of the palseontology of the System is the mono- 
graph l)y Mr. H. Woods, ‘The Cretaceous Lamellibranclis of England,' Pcdamitograplu Soc, 


Fig. 452.— •Cretaccioiis Laniellibraiichs. 

«, Ilippiiritffs (B{itolite«) orgaiiisariH, Vnnm. (nat size); 7 j, Rcquienia ammonia, I)’Orb. (.0. 

Plicatula, Pecten, Ferna, Modiola, Irigonia, Isocardia, Cardium^ Feiius, and 

1899-1902. The Ihvalves and gaateropods of the German and Dutch Neocomiau rocks are 
described in Heft 81, Neue Folge, of the Ahhandl. Preuss. Geol. Lcmdesanst. 
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Exogym are specially characteristic, but still more so are the families of 
Monopleurids, Caprinids, Kadiolitids, and Hippuritids. ^ These sirigulai 
forms are entirely confined to the Cretaceous system : their most common 
genera (Fig. 452) being Moiioplenm, Caprina, Ccvprinula, Caprotina, 
Radiolites, Sphsemlites, and Hippurites, to which may be added the diceratid 
genus Requienia so characteristic of the Lower Cretaceous formations of 



d e 

Fij'. 453.— Cretaceous C(‘phalopO(]s. 

a, Turrilites coitus, Lam. (!■); h, Crioceras Bmerici, Ij6v. Q); r, BaeuHRw aijcep.s, Lam. (|) ; 
d, AcantLoceras rotliomagense, Brong. (i) ; e, Hchlccubacliia variauH, How. (.^). 

Southern Europe.^ Hence, according to present knowledge, the occurrence 
of these families in a limestone suffices to indicate the Ci'ctaceous age of 
the rock The Gasteropods are represented by the genera Rleurotormiria^ 
Emarginula, Solarium, Turho, Trochus, Dejanira, Natica, Glmiconia, Cerithmm, 
Aporrhais, Stromhis, Pseudoliva, Fusus, Fasciolaria, Vohitilith.f'.% Oliva, Fkuro- 
toma. Conus, Actmonella, Amllana, and many more. 

1 For a study of the Rudistes, see the Memoir hy H. Douvilh', Mem. S<jc. (Jeol. Frame 
(3), i. (1890) ; ii. (1892). 
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Cephalopods (Figs, 453-455) are abundant in the Anglo-Parisian basin 
and thence eastwards, but are comparatively infrequent in the south 
European Cretaceous area. To the geologist, they have a value similar 
to those of the Jurassic system, as distinct species are believed to be 
restricted in their range to particular horizons, which have by their means 



c d 

Pig. 454.— Cretaceous Ceplialopods. 

a, Aucyloceras matheronianum, D’Orb. (*) ; Hamites attenuatus, Sow. (i) ; 
c, Hamites bitubercnlatus, D’Orb. ; tZ, Scapliites sequalis, Sow. 

been identified from district to district. To the student of the history 
of life, they have a special interest, as they include the last of the great 
Mesozoic tribes of the Ammonites and Belemnites. These organisms 
continue abundant up to the top of the Cretaceous system, and then 
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disappear from the European geological record. Cephalopodous life, 
though manifestly on the decline, was still displayed in many varied 
types in the Cretaceous seas. It included some old Ammonite genera 
such as Phyllocems and Eaplocems, some of which had continued from older 
Jurassic time. A remarkable feature in the Cretaceous types is the 
number of uncoiled or irregularly coiled forms which now make their 
appearance. These singular shapes are regarded by some naturalists as 
evidences of degeneration, due perhaps to some widespread geograjiliical 
conditions unfavourable to the further advance of ammonoid development, 
by other writers as indications of the senility of the race. They are not 
made the basis of classification, which is now founded mainly on the 
peculiarities of the sutures and saddles. The same family may thus 
include ordinary coiled and uncoiled or even straight forms, and the same 



Fig. 455. — Upi^er Cretacnous Cc.pluilopodH. 

a, Actinocamax plemis (formerly Belemiiitella plena), Blainv. (|) ; 5, Behiinnitella luucroiiatii. 
Scliloth. (^) ; c, NautiluH danicus, Schlotli. (|). 


shell may be a normal ammonite in its earlier life and more or less 
completely uncoiled in its later stages. Some of tlieso curious aberrations 
from the normal ammonoid type are represented in Figs. 453 and 454. 
Characteristic and peculiar Cretaceous Tetrabranchiates are Tetrago idles, 
Scaphites, Ftychoceras, Macroscapliites^ Baculites, Uoplile.% Sphemdisem, 
Flacenticeras, Douvilleiceras, Accmthoceras, Iltmiiles, Afdsoceras, Turrilites, 
Ancyloceras, .Crioceras, Marnmites, Peronicems, Prionotropis, Schkmhachia, 

^ No abrupt disappearance of a whole widely-diffused fauna probably ever took place. 
The cessation of Ammonites with the Cretaceous system in Europe can only mean that in this 
area there intervened between the deposition of the Cretaceous and Tertiary strata a long 
interval, marked by such physical revolutions Jis to extirpate Ammonites from that region. 
That the tribe continued elsewhere to live on into Tertiary time api)earH to l)e proved by the 
occurrence of some Ammonite remains in the oldest Tertiary beds of California. A. Heilprin, 
‘ Contributions to the Tertiary (Jeology and Palaeontology of the United States/ Philadelphia, 
1884, p. 102. 
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Tissotia. The dibranchiate Cephalopods are represeiited by species of 
Belemnites, Belemnitella, Aciimcamax (Upper Cretaceous), Belemnoteuihis, 
and Actinosepia. 

Vertebrate remains hav'e been obtained in some number from the 
Cretaceous rocks. Fish are represented by scattered teeth, scales, or 
bones, sometimes by more entire skeletons. Among the Elasmobranch 
genera are Btycliodus, Hylodus^ Acrochis^ Lamna, OxyrJiina, and Hemipristis. 
The ganoids include Macropoma, BhoUdurus, Gyrodus, Zepidottts, AmiopsiSy 
and others. But the most notable aspect of the fish fauna of the 
Cretaceous seas was the marked predominance of forms that possessed 
a completely ossified internal skeleton. These types, the ancestors of the 
ordinary teleostean tribes of the present day, began their existence in the 
Liassic period, perhaps even earlier. The most important primitive 
families among them were the Elopidse {Blopopsis, Osmeroides, Paclvyrhizodus) 
and the Ichthyodectidse, represented by the genera IcMhyodecteSy PortheuSy 
CladocychSj Saurodon, and others. Among the modern families which can 



Fig. 450. — Cretaceous Fish. 
Hoplopteryx lewesieiisis (J). 


be traced back into the Cretaceous period are those of the herrings or 
Clupeidse {Biplomystus), the eels or Mursenidse ( U7'e7whelys), the sea-breams 
or Sparidae, and the Berycidae, which appear in a number of genera 
{JSphenocephahiSy A crop aster, PycnosterinXy Hoplopteryx, Fig. 456, Eomonotus). 
Other types are Platycormus, BerijcopsiSy Aipichthys, CimoUcMhys, EnchodusZ 
Eeptilian life has not been so abundantly preserved in the Cretaceous 
as in the Jurassic system, nor are the forms so varied. In the European 
area the remains of Chelonians of several genera {Chelone, EJimoclulys) 
have been recovered. The last of the tribe of deinosaurs died out 
towards the close of the Cretaceous period. Among the Cretaceous 
forms of this order are the Megalosaurm and Ornithopsis, which survived 
from Jurassic time ; other genera are Acantlhopholis, Hylmsavrus, Hypsilo- 
phodoii, Polacantlms, TitanosmmSy Vectisamus. Igmnodon is the most 
familiar type among them (Tig. 457), some of its teeth and bones having 
been first found many years ago in the Weald en series of Sussex, while in 

^ A. S. Woodward’s ‘Catalogue ol I’ossil Fishes’ (British Kusenm), Part IV. 1901. 
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recent years, almost entire skeletons have been disinterred from the ancient 
alluvium filling up ravines or valleys of the Cretaceous period in Belgium. 



Its osteology is accordingly now well known. Like other deinosaurs, 
it had many affinities with birds. Palaeontologists have difiered in opinion 
as to whether it walked on all fours or erect. M. Dollo, who has had 
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the advantage of working out the structure of the wonderfully perfect 
Belgian specinaens, believes that the animal moved on its hind legs, which 
are disproportionately longer than the fore ones. Its powerful tail 
obviously served as an organ of propulsion in the water, and likewise to 
balance the creature as it walked. Its strange fore-limbs, armed with 
spurs on the digits, doubtless enabled it to defend itself from its car- 
nivorous congeners ; it was itself herbivorous.^ Among Cretaceous rocks 
the order of Squamata (lizards) is represented by Ooniosmnis, DoUchosaurus, 
and Leiodon. The gigantic Mosasaurus, placed among lacertilians by Owen, 
but among “ pythonomorphs ’’ by Cope, is estimated to have had a length 
of 75 feet, and was furnished with fin-like paddles, by which it moved 
through the water. True crocodiles frequented the rivers of the period, 
for the remains of several genera have been recognised (Goniopholis, Pholido- 
smrusj lleterosuchus, Suchosaurus). The ichthyosaurs, represented by 
Ichthyosaurus^ and plesiosaurs {Cimoliosaurus, Polyptychoclon) were still to be 
seen in the Cretaceous seas of Europe. The pterosaurs likewise con- 
tinued to be inhabitants of the land, for the bones of several species of 
pterodactyle have been found {Ornithocheirus, Pteranodon), These remains 
are usually met with in scattered bones, only found at rare intervals and 
wide apart. In a few places, however, reptilian remains have been dis- 
interred in such numbers from local deposits as to show how much more 
knowledge may yet be acquired from the fortunate discovery of other 
similar accumulations. One of the most remarkable of these exceptional 
deposits is the hard clay above referred to as filling up some deep valley- 
shaped depi^essions in the Carboniferous rocks near Bernissart in Belgium, 
and which has been unexpectedly encountered at a depth of more than 
1000 feet below the surface in mining for coal. These precipitous defiles 
were evidently valleys in Cretaceous times, in which fine silt accumulated, 
and wherein carcases of the reptiles of the time were quietly covered up 
and preserved, together with remains of the river chelonians and fishes, 
as well as of the ferns that grew on the cliffs overhead. These deposits 
have remained undisturbed under the deep cover of later rocks. ^ Again, 
from the so-called ^‘Cambridge Greensand’' — a bed about 1 foot thick 
lying at the base of the Chalk of Cambridge, and largely worked for the 
phosphate of lime which is supplied by phosphatic nodules and phosphated 
fossils — there have been exhumed the remains of several chelonians, the 
great deinosaur Acaiithopholis, several species of Plesiosaurs (Cimoliosaurus, 
Polyptychodon), 5 or 6 species of Ichthyosaurus, 10 species of Ornithocheirus 
— from the size of a pigeon upwards, one of them having a spread of 
wing amounting to 25 feet, — a crocodilian, and some others. From the 
same limited horizon also the bones of at least two species of birds 
(Enaliornis) have been obtained. 

The most astonishing additions to our knowledge of ancient 
reptilian life have been made from the Cretaceous rocks of western 

^ Maiiteirs ‘Illustrations of the Geology of Sussex,’ 1827. Dollo, JSull. 3fus, R<nj. 
Bdgiqxie, ii. (1883). Ann. ScL Qeol. xvi. (1883) No. 6. 

- E. Dupont, Bull. Acad. Roy. Belg. 2® ser. xlvi. (1878) p. 387. E. Van den Broeck, 
Soc. Belg. O^ol. 1898, amlpostea, p. 1198. 
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North America, chiefly by Professors Leidy, Marsh, and Coped Accord- 
ing to an enumeration made some years ago l)y Cope, but which is 
now below the truth, there were known 18 species of deinosaurs, 4- 
pterosaurs, 14 crocodilians, 13 sauropterygians or sea-saurians, 48 
testudinates (turtles, &c.), and 50 pythonomorphs or sea-serpents. One 
of the most extraordinary of reptilian types was the JEmm()saurm~-ii 
huge snake-like form 40 feet long, with slim arrow-shaped head on a 
swan-like neck rising 20 feet out of the water. This formidable sea- 
monster “probably often swam many feet ])elow the surface, raising 
the head to the distant air for a breath, then withdrawing it and explor- 
ing the depths 40 feet below without altering the position of its body. 
It must have wandered far from land, and that many kinds of fishes 
formed its food is shown by the teeth and scales found in the position of 
its stomach (Cope). The real rulers of the American Cretaceous 
waters were the pythonomorphic saurians or sea-serpents, in wdiich 
group Cope includes forms like Mos(LSimru,% whei'oof more tlian 40 sj)eci6s 
have been discovered. Some of them attained a length of 75 feet or 
more. They possessed a remarkable elongation of form, particularly in 
the tail ; their heads were large, flat, and conic, witli eyes directed partly 
upwards. They swam by means of two pairs of paddles, like the 
flippers of the whale, and the eel-like strokes of their battened t^liL 
Like snakes, they had four rows of formidable teeth on tlui roof of the 
mouth, which served as weapons for seizing their prey. But the Tiiost 
remarkable feature in these creatures was the uni(|ue arrrangement for 
permitting them to swallow their prey entire, in the manner of snakes. 
Each half of the lower jaw was articulated at a point nearly midway 
between the ear and the chin, so as greatly to widem the space between 
the jaws, and the throat must, consequently, have Ijcen loose and ]>aggy 
like a pelicaAs. The deinosaurs were likewise well rciprcsented on the 
shores of the American waters. Among the known forms are TmchiHlow 
(Hadrosaurus), a kangaroo-like creature resembling the Ljuariodon^ and 
about 28 feet long ; Diclonius, a closely allied, perhaps identical, form 
with a bird-like head and spatulate beak, probably frecj'uenting the lakes 
and wading there for succulent vegetable food, interesting from its 
occurrence in the Laramie group of beds at the very close of thc 3 
Cretaceous series; and Lmlajps, which probably also walked er|ct, and 
resembled the Megalosaurus. Still more gigantic was the allied Ornitha- 
tarsus^ which is supposed to have had a length of 35 feet. There were 
also in later Cretaceous time strange horned deinosaurs sucli as 
Gerafops which, attaining a length of 25 or 30 feet, had a massive body, 
a pair of large and powerful horns, and a peculiar dermal armour. 
Akin to it were various deinosaurs united in the genus Triceraiojm^ so 
named from the third rhinoceros-like nasal horn. Some of their skulls 
exceeded 6 feet in length, exclusive of the horny beak, and 4 feet in 

^ Leidy, Smithson. Contrih. 1865, No. 192 ; liep. U.K (hioL and Geograph. Surveg of 
Territories^ vol. i. (1873). Cope, liep. U.E. Geol. and (Jmgrvph. Sirn'ey of Tefriternes., 
vol. ii. (1875) ; Ainer. Naturalist^ 1878 et seq. Marsh, A nier. Journ. Science, iiumeroui 
papers in 3rd series, vols. i.-lv. 
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width, with horn- cores about 3 feet long. Claoscmrus was another 
gigantic deinosaur not unlike the Iguanodon, with remarkably small 
fore-hmbs compared with the massive hind legs.i Pterosaurs have like- 



Pig. 458.— Cri^taceoiis Bird.- 
Hesperornis regali.s, Mansli (^Vs). 


wise been obtained characterised by an absence of teeth {Pteranodon), 
and some of which had a spread of wing of 20 to 25 feet.^ Among the 

^ Marsh, on Cretaceous Deinosaurs, op. cit. xxxvi. (1888) xxxviii. xxxix. xli. xlii. 
xliv. xlv. (1893). In these papers some restorations of the extinct creatures are attempted. 

2 The figure of this restoration and that in Fig. 459 were supplied to the author by the 
late Ih'ofessor Marsh. 

^ Marsh, on American Cretaceous Pterodactyles, A^ner. Journ. Sci. i. (1871) iii. xi. 
xii. xxi. xxvii. (1884). 
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Chelonians one gigantic species is supposed to have measured upwards of 
15 feet between the tips of the flippers. 

The remains of birds have been met with both in Europe and in 
America among Cretaceous rocks. From the Cambridge Greensand, as 
above noticed, bones of at least two species, referred to the genus E 7 ialiornis, 



451i.-~Cretac«ouH Bir<l. 
IclithyoniiK victor, Murnli (^). 


have been obtained. These creatures are regarded by Professor Seeley 
as having osteological characters that place them with the existing 
natatorial birds.’^ From the American Cretaceous rocks nine genera and 
twenty species, represented by the remains of about 120 individuals, 
have been ol/bained. Among these by far the most remarkable are th® 
1 Q. J. a, K 1876; p. 496. 
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Odontomitlies, or toothed birds, from the Cretaceous beds of Kansas. 
Professor Marsh, who^ described these wonderfully preserved forms, 
pointed out the interesting evidence they furnish of a reptilian ancestry.^ 
In the most important and indeed unique genus, named by him 
Ilesperornis (Fig. 458), the jaws were furnished with teeth implanted in 
a common alveolar groove, as in Ichthyosaurus ; the wings were 
rudimentary or aborted, so that locomotion must have been entirely 
performed by the powerful hind limbs, with the aid of a broad, flat, 
beaver-like tail, which no doubt materially helped in steering the 
creature through the water. It must have been an admirable diver. 
Its long flexible neck and powerful toothed jaws would enable it to catch 
the most agile fish, while, as the lower jaws were united in front only 
by cartilage, as in serpents, and had on each side a joint that admitted 
of some motion, it had the power of swallowing almost any size of prey. 
Hesperornis regalis, the type species, must have measured about 6 feet 
from the point of the bill to the tip of the tail, and presented some 
resemblance to an ostrich. Of the other genera, IcMliyornis (Fig. 459) 
and Apatornis were distinguished by some types of structure pointing 
backward to a very lowly ancestry. They appear to have been small, 
tern-like birds, with powerful wings but small legs and feet. They 
possessed reptile-like skulls, with teeth set in sockets, but their vertebrae 
were bi-concave, like those of fishes. There were likewise forms which 
have been grouped in the genera Gracul^vus, Laornis, Palsestnnga^ and 
Telmatornis, Altogether the earliest known birds present characters of 
strong affinity with the Deinosaurs and Pterodactyles.- 

Though mammalian remains had long been known to occur in the 
Triassic and Jurassic formations, none had been obtained from Cretaceous 
rocks, and this absence Vas all the more remarkable from the great 
abundance and perfect preservation of the reptilian forms in these rocks. 
But the blank was eventually filled by the remarkable discovery in the 
Upper Cretaceous rocks of Dakota and Wyoming of a large series of 
jaws, teeth, and different parts of the skeletons of small mammals belonging 
to many individuals, and including not a few genera and species. They 
were found associated with remains of deinosaurs, crocodiles, turtles, 
ganoid fishes, and invertebrate fossils indicating brackish or fresh-water 
conditions. The mammalian forms show close affinities to the Triassic 
and Jurassic types. There are several distinct genera of small marsu- 
pials, others seem to be allied to the monotremes, but there are no 
carnivores, rodents, or ungulates. The genera proposed for them by 
Professor Marsh are Cimolomys, Cimolodmi, JVcifioniys^ Dipriodon, TripriMim, 
Selenacodon, Halodon, Camptomus, Dryolestes, Didelph-ops, Cimolestes, Pediomys, 
Stagodon, Platcmdon, Oracodon, and A llacodon? More recently the discovery 

1 ‘Odontomitlies,' being vol. i. of Memoirs of Feabody Mxcseuni of Tale College, and 
iilso vol. vii. of Geol Explor. mh Parallel; ‘‘Birds with Teeth,” Pep. U.S. G. S. ISSI- 
1882, p. 45 ; Aimr. Journ. ScL iii. (1897), on the affinities of Hesperomis. 

. 2 See Marsh, U.S. O. S. Meport, 1881-82, p. 86. 

3 Marsh, A'our. Journ. Sci, xxxviii. (1889), pp. 81, 177 ; xliii. (1892), p. 249. Some 
of Marsh’s genera are regarded hy Prof. Osborn as having heeii pre-nanied by Cope. Thus 
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of a single small tooth, in the Wealden series of Hastings was the first trace, 
of mammalian life found in the Cretaceous formations of Europe. The 
specimen has been provisionally referred to the Purbeckian genus 
Flagiaulao:} 


§2. Local Development. 

The Cretaceous system, in many detached areas, covers a large extent of Europe, 
and includes records not only of former seas but of lakes, rivers, and dry lands. From 
the south-west of England it spreads across the north of France, up to the base of the 
ancient central plateau of that country. Eastwards it ranges beneath the Tertiary 
and post-Tertiary deposits of the great plain, appearing on the north side at the southern 
end of Scandinavia and in Denmark, on the south side in Belgium and Flanover, round 
the flanks of the Harz, in Bohemia and Poland, eastwards into Russia, where it covers 
many thousand square miles, up to the southern end of the Ural chain. To the south 
of the central axis in France, it underlies the great basin of the Garonne, flanks the 
chain of the Pyrenees on both sides, spreads out largely over the eastern side of the 
Spanish tableland, and reappears on the west side of the crystalline axis of that region 
along the coast of Portugal. It is seen at intervals along the north and south fronts of 
the Alps, extending down the valley of the Rhone to the Mediterranean, ranging along 
the chain of the Apennines into Sicily and the north of Africa, and widening out from 
the eastern shores of the Adriatic through Greece, and along the northern base of the 
Balkans to the Black Sea, round the southern shores of which it passes in its progress 
into Asia, where it again covers an enormous area. 

Nor is the system less prominent in the New World. In North America it spreads 
over enormous tracts of country and displays, on a still greater scale, the same wide 
variety of sediments as in Europe. It runs along the eastern margin of the United 
States, rising from under the Tertiary formations as a narrow strip which sweeps round 
the southern end of the long Alleghany chain into Alabama, Mississippi, and Tennessee* 
On the western side of the Mississippi valley it spreads over Texas and southw^ards over 
most of Mexico. In the interior, farther north, it extends over the sites of what were 
probably vast sheets of fresh water, while on the Pacific slope it is largely developed in a 
thick series of formations which stretch northwards into British Columbia. 

While there i.s sufficient palaeontological similarity to allow a general parallelism to 
be drawn among the Cretaceous rocks of western Europe, there are yet strongly marked 
differences pointing to very distinct conditions of life, and probably, in many cases, to 
disconnected areas of deposit. Having regard to these geographical variations, a 
distinct northern and southern province, as above stated (p. 1162), can be recognised ; 
but Glimbel has proposed a further grouping into three great regions : (1) the northern 
province, or area of White Chalk with Belemnitella, comprising England, northern 
France, Belgium, Denmark, Westphalia, &c. ; (2) the Hercynian province, or area of 
Exogyra columha, embracing .Bohemia, Moravia, Saxony, Silesia, and Central .Bavaria ; 
and (3) the southern province, or area of Hippurites, including the regions of France 
south of the basin of the Seine, the Alps, and southern Europe.*-^ 

Britain.'^ — The Piirbeek beds (p. 1146) bring before ns evidence of a great change in 

Marsh’s Ciriolomys is said to be Cope’s Ptilodus^ and his Dijoriodon Cope’s Meniscoesms, 
“Upper Cretaceous Mammals,” Bull. Amer. Mus. Nat. Hist. v. (1893), p. 314. 

^ A. Smith Woodward, Nature^ xlv. (1891), p. 164. 

“ • Ceognost. Beschreib. Ostbayer. Crenzgebirg.’ 

^ Consult Conybeare and Phillips, ‘Geology of England and Wales,’ 1822. Pittou, Ann. 
X^hilos. 2nd ser. viii. 379 ; Trans. Oeol. Soc. 2nd. ser. iv. 103. Dixon’s ‘Geology of Sussex,’’ 
edit. T. Rupert Jones, 1878. Phillips’s ‘Geology of Oxford and the Thames Valley.’ H. 
B. Woodward’s ‘Geology of England and Wales,’ 2nd edit. H. W. Bristow’s ‘The Isle of 


SECT, iii g 2 GRETA GEOUB SYSTEM ’ 1181 


the geography of England towards the close of the Jurassic period. They show how 
the floor of the sea, in which the thick and varied formations of that period were 
deposited, came to be gradually elevated, and how into pools of fresh and brackish water 
the leaves, insects, and small marsupials of the adjacent land were washed down. 
These evidences of terrestrial conditions are followed in the same region by a vast delta 
formation, that of the Weald, which accumulated over the south of England, while 
marine strata were being deposited in the north. Hence two types of Lower Cretaceous 
sedimentation occur, one where the strata are fluviatile (Wealden), the other where they 
are marine (Neocomian). The Upper Cretaceous groups, extending continuously from 
the coasts of Dorsetshire to those of Yorkshire, show that the diversities of sedimenta- 
tion in Lower Cretaceous time were effaced by a general submergence of the whole area 
beneath the sea in which the Chalk was deposited. Arranged in descending order, the 
following are the subdivisions of the English Cretaceous rocks — 


Wight,* 2nd edit, by C. Reid and A. Strahan {Mem. Geol. ^urv.). A. Straban’s ‘The Isle of 
Purbeck’ {Mem. Geol. Siirv.). A. J. Jukes- Browne and W. Hill, ‘The Cretaceous Rocks of 
Britain,* vol. i. Gault and Upper Greensand {Mem. Geol. Surv.). Special papers on the 
English Cretaceous formations are quoted in subsequent footnotes. 

Reference may here he made to the important memoir of A. de Grossoiivre, which deals 
with the Chalk of all the world, “Recherches sur la Craie Superieure,” 2 vols. Mem. Exjolic. 
Carte Giol. France, 1901. 

^ For an explanation of the terms in the central column of this table see the footnotes 
on subsequent pages. 
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English Stratigraphtml SuMivisions. 
Uppee Cretaceous. 

Chalk of Triminghani .... 
Chalk of Xorwieli, Studland Bay . 

Chalk of Newhaven 

Chalk of Brighton, Margate, Bridlington, 
Salisbury 

Chalk of Broadstairs, Flamborough Head 
Chalk of Dover . . . . • 

i^Hard nodular Chalk of Dover, «Src., 

“ChalkRock” . . .. 

Chalk without flints, Dover, ckc. . 

Nodular Chalk of Shakespeare’s Cliff, «&c., 

“ Melbourn Rock ” . . . . 


Grey Chalk of Polkstoiie, &e., Tottem- 
lioe Stone 

Chalk Marl | 

“ Cliloritic Marl,” Glauconitic Marl and i 
Cambridge Greensand. . . I 


Warminster beds, &e. 

Upper Gault, Blackdown beds, &c. 

Red Chalk of Norfolk 

Lower Gault 




Lower Cretaceous. 


Southern T'lfpe. 
(Pluviatile, and in upper 
part marine.) 

9 Tsands, clays, lime- 
2 S J stones, &c., in 
o g i Kent, Surrey, Sus- 
£ I sex, Hampshire. 


Weald Clay. 


Hastings Sands and 
clays, j)assing 
down into Pur- 
beck beds. 


Northern T/zpr.! 

(Marine.) 

Below the Red 
Chalk, at Speeton, 
on the Yorkshire 
coast, clays and 
marls, in . appar- 
ently continuous 
sequence, x)ass 
down into Neo- 
comian clays and 
shales (Speeton 
Clay), which are 
less than 300 feet 
thick, and sha'de 
dow’n into Kim- 
eridgeClay. They 
are grouped 
in four zones. 
Their upper por- 
tions are equiva- 
lent to the Car- 
.stone and Tealby 
limestone andclay 
of Lincolnshire, 
and their lower 
parts to the 
Claxby Ironstone 
and Spilsby Sand- 
stone. 


Paleontological Zones. 


Danian, wanting. 


Zone of Belcrnnitella mucronata. 

Zone of Actmocamax quadratns. 

f Upper part with Mar- 
Zone of Marsupites ] supites. 
tcstiidinarius. "i Lower part with Uinta- 
[ crimis. 

Zone of Mleraster cor-angwinum. 

,, df. eor-testndinarium. 


Zone of llolaster planus. 

,, Tcrehratulinu latit (gracilis). 

,, lihynchonclla Cnvicri. 


Zone of llolaster sulglolosus with Actinocamax 
plenus in the upper beds. 

Zone. of Schlccndachia varians. 


Zone of Pectm asper and Cardlcattav fos- 
sarliis. 

,, Schl€en.ha,ch ia rostrata. 

,, HopUtes lautus and 11. inten'uptus. 

,, Iknivllleiceras viammillatim. 


4. Zone of BcletnnUes minimus, passage marls 
into base of Upper Cretaceous series. 


3. Zone of Bdemnites 'brunsvlcensis (-scmicana- 
Ucidatus) with B. spectonensis, absoluti- 
form’is, Jctsikoini, obtmiroatris, HopUtes 
BeshaynsU, Amaltheus bicurvatus. 


[2. Zone of Belertinitesjaondum, with B. Jasikoud, 
cristatus, Olcustcphanus Astieri, sulcoms, 
subinversus, Payeri, connnmcs, speetonemis, 
umboriatus, HopUtes rcgalis, amblygonius. 


1. Zone of BeUmnites lateralis, w'ith B. ru^siensis, 
subfjuadrai'us, explanatoides, Olcostephanus 
(numeron.s simcies, including gravesifomiis, 
polyptioJms, rotula), HopUtes, Oxynotiaeras. 


I 


1 See G. W. Lampliigh, Q. J. G. S. xlv. (1889), 
‘ Argiles de Speeton et leurs equivalents,’ by A. 
Moscou, 1891, Q. J. G. S. liii. ju 542. 


, p. 575, lii. (1896), p. 179 ; Brit. Assoc. (1890) p. 808 ; 
Pavlow and G. W. Lamplugh in BuU. Boc. Imp). Nat. 
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Lower Cretaceous (Neocomian^). — Between the top of the Jurassic system and 
the stage known as the Gault, there occurs an important series of deposits to which, 
from their great development in the neighbourhood of Neuchatel in Switzerland, the 
name of Neocomian has been given. This series, as already remarked, is represented in 
England by two distinct types of strata. In the southern counties, from the Isle of 
Purbeck to the coast of Kent, there occurs a thick series of fresh-water sands and clays 
termed the Wealden series. These strata pass up into a minor marine group known as 
the Lower Greensand, in which some of the characteristic fossils of the Upper N'eocomian 
rocks occur. The Wealden beds lof England therefore form a fluviatile equivalent of 
the continental ISTeocomian formations, wliile the Lower Greensand represents the later 
marginal deposits of the Neocomian sea, which gradually usurped the place of the Wealden 
estuary. The second type, seen in the tract of country extending from Lincolnshire into 
Yorkshire, contains the deposits of deeper water, forming the westward extension of an 
important series of marine formations which stretch for a long way into Central Europe. 

Keocomian.^ — The marine Neocomian strata of England are well exposed on the 
cliffs of the Yorkshire coast at Filey, where they occur in an argillaceous deposit long 
known as the Speeton Clay. This deposit is now shown to contain an interesting 
continuous section of marine strata from the Kimeridge Clay to the top of the Lower 
Cretaceous, or even into the Upper Cretaceous series. It has been carefully studied by 
Mr. Lamplugh and by Professors Pavlow and Nikitin, by whom it has been brought 
into comparison with the Neocomian rocks of Russia. The lower part of the Speeton 
Clay consists of hard dark bituminous shales with large septarian nodules and many 
crushed fossils, including species of FerisphincteSi Olcostephanm, BeUmnites, Lingula 
omlis, Discina laiissima, Ostrea gibbosa^ Lucina minuscula, &c. ’ These strata 
are referred to the higher part of the Kimeridge Clay. They are succeeded conformably 
by the zone of Belemnites lateralis, consisting of dark, pale, and banded clays with the 
fossils mentioned in the foregoing table. At the base of the zone lies a “ coprolite 
bed,” and its top is taken at a “compound nodular bed” rich in fossils. The total 
thickness of this zone is about 34 feet. “ It bridges over the space between undoubtedly 
Jurassic and undoubtedly Cretaceous strata.” It is overlain by the zone of Belemnites 
jacidum, consisting likewise of various dark and striped clays and bands of nodules, the 
whole having a thickness of about 125 feet. The characteristic belemnite ranges 
through 120 feet of the section with hardly any trace of another species. Olcostephanus 
{Astieria) Astieri occurs in the lower part of the zone, 0. {Sinibirshites) inversus and 
Fayeri in the centre and 0. {SimbirsJcites) speetonemis towards the top. An interesting 
palaeontological feature in this zone is the ocurrence of abundant tests of Echino- 
spatagus cordiformis, a highly characteristic Neocomian type. The zone of Belemnites 
brunsvicensis is seldom seen in complete section, owing to the slipping of the cliffs and 
the detritus on the foreshore. It consists of dark clays 100 feet thick or more. Above 
it a few feet of mottled green or yellow clays form the top of the Speeton clay. These 
strata compose the zone of Belemnites minimus, and contain also Inoceramus co?i~ 
centricus, I. sulcatus, &c. Some of their fossils are found in the Gault, and they may 
thus represent here the Lower Gault, while the Red Chalk above may be the equivalent 
of the Upper Gault. ^ 

^ Neocomian, from Neocomum, the old name of Neuchatel in Switzerland. 

2 Fitton, Trans. Qeol. Soe. 2nd. ser. iv. (1837), p. 103 ; Proc. QeoL Boc. iv. pp. 198, 208 ; 
Q. J. G. S. i. Consult on marine Neocomian type Young and Bird, ‘Survey of the 
Yorkshire Coast’ (1828), 2nd edit. pp. 58-64. J. Phillips, ‘Geology of Yorkshire,’ p. 124. 
J. Leckenby, Geologist, ii. (1859), p. 9. Bristow’s ‘Isle of Wight,’ 2nd edit, cited on p. 1180 ; 
Judd, Q. J. G. S. xxiv. (1868) 218 ; xxvi. 326 ; xxvii. 207 ; Geol. Mag. vii. 220. C. J. A. 
Meyer, Q. J. G. B. xxvih. 243 ; xxix. 70. A. Strahan, op. cit. xlii. (1886) p. 486 ; Mem. 
Geol. Burv. sheet 84, and the ‘ Isle of Purbeck,’ cited on p. 1181. 

® G. W. Lamplugh, papers cited onp. 1182 ; and A. Pavlow, Q. J. G. B. Hi. (1896), p. 542. 
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In Lincolnsliire the marine ISTeocomian series is likewise developed. Eising to the 
surface from beneath the Chalk, the highest an<l lowest strata are chieily sand and 
sandstone ; the middle portion (Tealby series) clays and oolitic ironstones. According 
to Mr. Lamplugh, the Spilsby Sandstone and the Olaxby Ironstone of this county, 
forming the base of the Neocomian series and resting on U])per Kimeridg; shalcH, are 
equivalents of the zone of BcUmintes lateralis at Speeton. The Tf^alby Clay, which 
overlies them, is regarded as representing the zone of B. jaculmn, the Tealby Limestone 
the zone of B. h/'U'iisviceusis, while the Carstone at the top immediately below tlie Eed 
Chalk is placed on the horizon of the marls with B. mmivius} Th(‘. Carstone ranges 
into Norfolk, and perhaps represents the entire “Lower Greensand” of central and 
southern England. 

Wealden.*-^ — In the southern counties a very distinct a, ssemhlagc of strata is met' 
with. It consists of a thick series of iluviatilc depo.sits termed Wcalden (from the' 
AYeald of Sussex and Kent, where it is best developed), surmounted by a group of marine 
strata (“Lower Greensand”), in which Upper Neocomian fossils (xtcur. It would 
appear that the fresh-water conditions of deposit, which began in th(3 soutli of England 
towards the close of the Jurassic period, when the Purbeck l)cdH wttre laid down, con- 
tinued during the whole of the long interval marked l>y the Lowe.r and Middle 
Neocomian formations, and only in Upper Neocomian times liiially merged into ordinary 
marine sedimentation. 

Some discussion has arisen as to the correlation of this grwit lluviat.ilc series. Wo 
have seen that no stratigraphical line can be satisfactoi-ily drawn Ixitween tlui Furbeck 
and Wealden formations, %vhich are the records of a long period of lacustrine and fluvia- 
tile conditions. It was the opinion of Eitton that all these formations should be 
grouped together under the name of Wealden as a series distinct from the, oolites kdow. 
As, however, the evidence of fossils has accumulated, the reptiles, thelishes, and the land- 
plants have been claimed to present a Jura.ssic rather than a Cndaceous aspect. Tho 
inclusion of the Wealden formations in the Jurassitj systtuii has accordingly been strongly 
advocated, and this view has been adoi)ted by some geologists.*^ On the other hand, 
there can he no doubt that the Wealden series ])a8.ses upward into UpjKjr Neocomian 
strata, and it may be presumed to represent at least in part Low(u* N«'.ocomian deposits* 
It is unfortunate that neither in the south nor in tli(5 north of England can any 
satisfactory line be traced between the Jiiras.sic and tlie Crehiceons systeins. Until 
fin^ther evidence is obtained the Wealden may most convcni(mtly lie allowed to rOTtiain 
In the Cretaceous division. 

The Wealden series has a thickness of over 2000 feet, and in Sussex and Kent 


consists of the following subdivisions in descending order 

Weald Clay 1000 feet 

Hastings Sand group composed of — 

3. Tunbridge Wells Sand (with Grinstead Clay) . . 140 to 380 ,, 

2. WadlmrstClay 120 „ 180 „ 

1. Ashdown Sand (with Fairlight Clay.s in lower part) . 400 Or 500 ,, 


In the isle of Wight these subdivisions cannot be made out, and the total visible 
thickness of strata (sandstones, sands, clays, and shales) i.s only about half of what can 
^ See G. W. Lamplugh, in papers cited on p. 1182 ; A. J. Juke.H-Hrowne, “Geology of 
East Lincolnshire,” in Mem. (ieol. Surv. sheet 84, 1887. 

^ On the Wealden or fluviatile type consult, besides the works quoted on p. 1180, Manteir.n 
‘ Fossils of the South Downs,’ 4to, 1822. Topley, “Geology of the Weald,” in i/m. (kti. 
Burv. 8vo, 1875. Bristow’s “Geology of the Isle of Wight,” 2'nd edit. (1889), in i/m. (hMt. 
iSarv.^ gives a list of Wealden fossils at p. 258. 

3 See 0. Marsh, Anier. Journ. Hd. i. (1896), p. 224 ; A. Brnith Woodward, (leal Mag, 
(1896), p. 69. A. C. Seward, Nature^ liii. (1896), p. 462 ; “ Catalogue of Mesozoic Plants in 
British Museum— the Wealden Flora” (1895), p. 240 ; E. van den Broeck, Hull Belg. 
(Uol. xiv. (1900). G. W. Lamplugh, Qeol, Mag. (1900), p. 443. A. Pavlow, Q. J. (/. K lii. 
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l.)e observed on tlie mainland farther east, but the base of the series is concealed. 
Westward, in the Isle of Purbeck, on the coast of Dorsetshire, the Wealden strata are 
exposed on the shore, and are estimated to be more than 2000 feet thick, but they 
arc there beginning to thin out westward. 

The sandy and clayey sediments composing the Wealden series precisely resemble 
the dej)osits of a modern delta. . That such was really their origin is borne out by their 
organic remains, which include terrestrial jdants {Charciy Glacloplilehis^ Bennettites 
(OycadrMldea)^ Tempskya, JEfpdsetites^ Fittonia, Microdictyon, Matonidmm^ Pinites^ 
Ituffordia^ Sagcnopteris, SphenopteTis^ Tlmytcs^ Wcichselia),^ fresh- water shells 
Cyrena, Paludiiuc, Meliinop)sis^ &c.), with a few estuarine or marine forms, as Ostrea^ 
PB'oyyra, Mytilus, and Vicarya, and ganoid fi.shes {Lepidotus), like the gar of American 
rivers. Among the spoils of the land floated down by the Wealden river were the 
carcases of huge deiiiosauriau reptiles, winged pterodactyles and turtles {Goniopholis, 
Jfeicrosuchiis, Uylmosaunis, Jyuanodon (4 species), Ornithocheiriis, Ornithopsis, Pdoro- 
satfrus, PholidoHtmruSj Flesiochelys^ Oimoliosaui'iis, Polacanthus, Siichosauriis, Titcino- 
saurusj Vedimitrus). The deltoid formation, in which these remains occur, extends 
in an east and west direction for at least 200, and from north to south for per- 
haps 100 miles. HoiKic the delta may have been nearly 20,000 square miles in area. 
It has been compared with that of the Quorra ; in reality, however, its extent must 
liav(! been greater than its present visible area, for it has suffered from denudation, 
and is to a large extent concealed under more recent formations. The river probably 
descended from the north-west, draining a wide area, of which the existing mountain 
groups of Ih'itaiu are perhaps merely fragments. 

Prof(is.sor Judd proposed the name of “ Punfield Beds” for a group of strata at 
Puiifield Cove in Swanage Bay, which he believed to bridge over the gap between the 
Wealden series and tlie Lower Greensand, and to show a gradual return of the sea, replacing 
the liuviatile conditions of the Wealden formations. It has .since been shown, however, 
that no such alternation of deposits exists there, but that the supposed new formation 
is really a part of the Lower Greensand.*^ The line of demarcation at the top of the 
Wealden series is always sharply defined both lithologically and palneontologically. 

Lower Greensand.** — The Wealden scries is succeeded conformably by the group 
of arenaceous strahi which has long been known under the awkward name of “Lower 
Greensand.” But there is here an evident ])reak in the sedimentation, for not only ££re 
the Wealdem strata sharply separable from those above them, Imt there are derived 
pebltles at the base of the overlying formation, while in Wiltshire the Lower Greensand 
overlap.s the Wealden beds so rapidly as to indicate an actual iineonformahility.® The 
Lower Greensand consists mainly of yellow, grey, wliitc, and green sands, but includes 
also beds of clay and bauds of limestone and ironstone. At Atherfield, on the south 
eoast of the Isle of Wight, it reaches a thickness of more than 800 feet, hut thins away 
wefitward so that in 20 miles it is reduced to no more than 200 feet. It has been 
subdivided in descending order as under : — 

Polkestoiic beds (Lower All)ian of the Continent in the ipiper part) 70 to 100 feet. 

Bandgate hedH'\_ (Aptiuii) /. 75,, 100 ,, 

llythe beds j 80 ,, 300 ,, 

Atherfield Clay (Urgoiiian), resting on Wealden , . . 20 ,, 90 ,, 

* ()u the Wealden flora see Mr. Beward’s ‘Catalogue,’ just cited, and liis paper on ‘La 
Flore Wealdienne <le Bernissart,’ Mem.. Mas. Roy. Hist, Fat., Brussels, 1900. 

- (p J. <H, B, .xxvii. (1871), p. 207. 

(J. J. A. Meyer, up. r/it. xxviii. (1872), p. 243 ; A. Btrahaii, “ Geology of the Isle of 
Purbeck,” Mem. (<feoL durv. (1898), p. 133. 

‘‘ This formation was first worked out in great detail by Fitton {q. J. (f. S. in. 184.7, p. 
289). For more rectmt lists of fossils see the “ Geology of the Isle of Wight,” Mem. (Jeul. 

Si(iu\ Gregory, Marf. 1897, pp. 97, 187, and some of the papers cited l)elow. 

‘ Geology of the Isle of Wight,’ p. 18. 
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These strata appear to represent the continental scries np into the base of the Alhian 
stage. The Atherfield Clay, well developed at Atherfield, has at its base a band of blue 
fossiliferous clay overlain by a highly fossiliferous seam of calcareous and ferruginous 
stone, the whole forming what is known as the ^‘Perna bed,” which is five or six feet 
thick, full of Penia Mulleti^ and Exogyrcu sinuata. The Atherfield Clay contains an 
abundant assemblage of fossils, among which are lloplitcs Desliaycsii, Nautilus rcquini- 
anus, Aoicjjloceo'as matJm'onianum, Aporrhais Robinaldina, Area Raulini^ Exogym 
JSoussmgaidti, Pliccdula ptlamnea, Anoinia Isevigata, Terebratula sella, PJiynclmiella 
depressa. In the Hythe beds are found Hoplites Veshayedi, Doumlleiecras cornuelianum, 
Macroscaphites gigas, IL Hilsii, Crioeeras Bowerbanldi, Belemnites semicanaliculatus, 
Plicatula plamuea. Some of these fossils occur also in the Sandgate beds, while the 
up])er part of the Folkestone beds yields likewise Doicvilleiceras uiamillatu'iii. The 
Hythe and Sandgate beds may therefore represent the Aptian stage, while the Folke- 
stone subdivision may be regarded as the equivalent of the lower part of the Alhian. 
The “Bargate beds” of Surrey, which may be on the same horizon as those of Sandgate, 
consist of about 25 feet of sands, siliceous layers, limestone and clays, which have 
yielded no fewer than 34 genera and 139 species of foraminiferaA Again in Surrey the 
sandy strata above the Atherfield Clay include cherty bands full of sponge-spicules.'^ 

Of the total assemblage of fossils in the ‘‘ Lower Greensand,” only a small proportion 
passes up into the Upper Cretaceous formations, except among the foraminifera, of which 
nearly 70 species are common to the two series. This marked paUeontological break, 
taken in connection with a great lithological change, and with an unconformability which 
in Dorset brings the Gault directly upon the Kimeridge Clay, shows that a definite 
boundary line can be drawn between the lower and upper parts of the Cretaceous system 
in the south of England. 

Upper Cretaceous.^ — Three leading lithological groups have long been recognised 
as constituting the Upper Cretaceous series of England. First, a band of clay termed 
tiie “ Gault ” ; second, a variable and inconstant group of sands and sandstones called the 
Upper Greensand ” ; and, third, a massive calcareous formation known as the Chalk. 
The })rogress of palaaontological and stratigraphical investigation, and more especially the 
development of the system of classification by zones has led to a subdivision of these 
three types into minor stages and siibstages, generally though not always defined by 
lithological distinctions and more especially characterised by peculiar assemblages of 
fossils. It is now possible by this means to place the English formations on i)arallel 
lines with their representatives on the continent. 

Gault and Upper Greensand*^ (Albian).— The Gault was formerly believed always 
to underlie the Upper Greensand. It has no\v been ascertained, however, that the 
greater part of the Gault so well developed at Folkestone and the greater ))art of the 
Upper Greensand are really equivalents of each other, formed contemporaneously 
under different conditions of sedimentation.® Mr. Jukes-Browne has accordingly pro- 
posed to group the two formations together under the name of Selbornian.^^ 

The Gault is a dark, stiff, blue, sometimes sandy or calcareous clay, with layers of 
pyritous and phosphatic nodules and occasional seams of greensand. It varies from 100 
to more than 300 feet in thickness, forming a marked line of boundary between the 
Upper and Lower Cretaceous rocks, overlapping the latter and resting sometimes even 

1 F. Chapman, Q. J, Q. S. (1894), p. 677. 

2 T. Leighton, q. J. G. S. li. (1895), p. 104. 

This important series of formations is described in full detail by A. J. Jukes-Browne 
and W. Hill in vols. i. and ii. of the “Cretaceous Bocks of Britain,” Me 7 n. Geol. Surv. 

^ ‘ ‘ Gault ” is a Cambridgeshire provincial name. 

® This view was expressed more than fifty years ago by Godwin Austen, Q. J. O. S, vi. 
(1850), pp. 461, 472. 

^ ® “Cretaceous Rocks of Britain,” vol. i. (1900), pp. 1, 30. 
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on the Kimeridge Clay. The best sectioa of this formation is that of Copt Point, near 
Folkestone, where the following subdivisions have been established by Messrs. De Ranee 
and Price : ^ — 


Base of Cenomanian. 



Zone of 
Schlmn- 
hachia 
Tostmta. 


( 




Zone of 
Ho^lites 
lautus. 


Zone of 
Hoplites 
interniptus. 

Zone of 
JDumillei- 
ceras mam- 
millatuvi. 

Folkestone Beds. 


Pale grey marly clay (56 ft. 3 in.), cliaraeterised by Schlcen- 
hachia rostrata, S. (foodhalU, Ostrea frons, J noceimnns 
Cr isp a. 

Hard pale marly clay (5 ft. 1 in.), with Schlcenhachia rostrata, 
Kingena Uma^ Plicatula gui'gitis, Penta&rmus Fittoni, 
Cldaris gaultina. 

Pale grey marly clay (9 ft. 4^ in.), with. ^chlainbacMa rostrata, 
S. raricosa, Scaphites hwjardiamis, Inoceramis sulcatus, 
PholoLlomya fabriua, Pleuroto'timria ( rihbsii. 

Darker clay, with two lines of phosphatic nodules and rolled 
fossils (94 in.), with Ijesmoceras Beudantl, Schlosubachia 
crlstata, S.b^'ongniartknia, Acanthoceras itieriamim, Jlirrecc 
calcar, Scalaria gaultina, Pholadidea PJiodani, Pecten 

, PtMiialdinus, Cyprina quadrata. 

('Dark clay (6 ft. 2 in.), highly fossiliferoiis, with Jloplites 
aui'itm, N'licnla bivirgata, Buednum gmtltlnum, Aporrhais 
Parkinsoni, Fitsiis indecisns. 

Dark mottled clay (1 ft.)', Hoplites denarius, Schlcenhachia, 
cornuta, Tarrilites hugardianus, Necrocccrmus Bcchei. 

Dark spotted clay (1 ft. 6 in.) Hoplites Irmlus, II. raulinianas, 
Astarte dupinictnet. Solar item rnonilifermi, Phasianella 
ervyana, nuiiLeroiis corals. 3 

Paler clay (4 in.) Schlocnbachia Delaruei, JSfcdica oblUpia, 
Dentalium decussatim, Fusus rusticus. 

Light fawn-coloured clay, “crab-bed” (4 ft. 6 in.) with numer- 
ous carapaces of crustaceans {Palaeoco7'ystes Stolcesii, P. 
Broderipii), Pmna ietragonct, Ilamites cUtenuaius, Corbida 
elegans. 

Dark clay marked by the rich colour of its fossils (4 ft. 3 in.), 
Hoplites auriius, Turr ilites ehgctns, si ncyloccras sp in I 
gerum, Aporrhais calcaratct, Fusus itieriamis, Ceriihium. 

L trimonile, Corhda gaultina. 

' Dark clay, dark greensand, and pyritous nodules (10 ft. 1 in.), 
Hoplites interruptus, Hamites atteyiuatus, Crioceras astieri- 
amcvi, Belemnites m inimus. 

" Gfreensaud, coarse in places, mixed with dark clay above (24 
feet) resting on a coarse gritty band partly indurated into 
large concretionary masses with dark pliosphatic nodules 
(1 foot) with a yellowish incoherent greensand underneath 
(3 feet). 


Mr. Price remarked that, out of 240 species of fossils collected by him from the Gault, 
only 39 are common to the lower and upper divisions, while 124 never pass up from the 
lower and 59 appear only in the upper. The Lower Gault seems to have been deposited 
in a sea specially favourable to the spread of gasteropods, of which 46 species occur 
ill that division of the formation. Of these only six appear to have survived into the 
period of the Upper Gault, where they are associated with five new fomis. Of the 
lamellibranch fauna, numbering in all 73 species, r39 are confined to the Ipw'er division, 
four are peculiar to the passage-bed (Ko. 8), 14 jiass up into the upper division, where 
they are accompanied by 1 6 new forms. About 46 per cent of the Gault fauna pasa up 
into the Upper Greensand.^ 

^ C. E. de Raiice, Geol. Mag. v. p. 163 ; i. (2) p. 246. F. G. H. Price, Q. J. G. S. 
XXX. p. 342; ‘The Gault,’ Svo, London, 1879. See also Mr. Jukes-Browne, “Cretaceous 
Bocks of Britain,” Meon. Geol. Surv. vol. i. p. 73. 

“ The foraniinifera of the Gault at Folkestone, with reference to the zones here given, 
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Jlccordni" to the view above referred to as proposed by Mr. Jukes-Browne, the 
Gault of the Folkestone section, 112 feet in thickness, contains the whole of his 
'‘SelborniAir"’ stage, that is, the upper part of the section is the equivalent of what is 
elsewhere sandy series known as “Upper Greensand.’' At one time a sandy 
glauconitic iiLarl which overlies the Gault at Folkestone was regarded as Upper Green- 
sand, This identification naturally strengthened the belief of the posteriority of the latter 
formation. 1 1 is now generally agreed, however, that the marl in question is really the 
so-called Cluloritic Marl ” at the base of the Cenomanian stage. 

As tlie Catilt is followed westwards from the Isle of Wight it gradually diminishes 
in thickness until in Devonshire it appears to be re 2 iresented by a few feet of green- 
sand. At t]i«c same time it is overlain by a progressively increasing depth of sandy 
strata, have long been knowm as the Upper Greensand. There can now lie no 

doiiht that these arenaceous deposits w'ere coeval with and strictly represent the 
argillaceous deposits of the south-eastern counties. The Upper Gault is character- 
ised by the occurrence of ScJilcenbachla rostrata, and this ammonite serves as a 
useful g'iiid*e among the more sandy strata farther west. The zone is probably thickest 
in the Isle of Wight (about 130 feet). It there consists of greenish glauconitic sand- 
stones AvitlL c onspicuous layers of black and grey chert in the upper part. Some ol‘ 
those liner aireiiaceoiis strata are knowii.as “Malmstone” or “Malm Rock,'’ which may be 
defined as a fine-grained siliceous rock, the silica of which is principally of the colloid 
variety, eifclici' in the form of a semigranular groundmass or of scattered microscopic 
spheroids Oii* In both forms. Sponge sjiicules, or the spaces once occupied by them, are 
alwjiys abn iid^int and seem to have- siijipHed the silica which is now in the globular or 
seniigraiiiil ai' condition.” ^ Small quantities of quaptz, mica and glauconite are present 
with some cUcareous matter. AVhere the lime increases to 20 or 25 per cent the rock 
is known as calcareous malmstone or “Firestone.” The malrastone passes into a 
micaceous sandstone containing quartz, mica, glauconite, sponge spicules and globular 
silica: — tile “Oaize” of French geologists. With its associated beds of firestone and 
gaize tlieundnistone covers a large tract of surface in southern England, and as it extends 
under tlie Cli alk and Tertiary formations Mr. Jukes-Browne computes that the portion 
of it which re mains after extensive denudation has an area of nearly 4000 square miles. 

Besides tli ese more solid constituents which, owing to their greater hardness, give 
rise to such picturesque landscapes as those above the undercliff of the Isle of Wight ; 
the Upper Gi'«eensand in that island and in the south-western counties consists in large 
measure of fiae soft sands, composed mainly of quartz with some mica and a constant 
admixture of glauconite, which gives the prevailing tint of greyish-green to the deposits. 
These samhs, however, are here and there indurated into hard calcareous sandstones and 
lenticular comcretions or “doggers.” 

The fos^sils of the Upper Gault and Upper Greensand or zone of Schlcenhadda rostmta 
have beem collected mainly at Folkestone and Cambridge.’^ Those yielded by the 
Malmstone and Gaize come chiefly from these strata as seen around Devizes, while those 

havebeeu described by F. Chapman, Journ. R. Micros. Soc. 1891, p. 565 ; 1892, pp. 321, 
749. Sees also the list of fossils in vol. i. of the Geol. Surv. Memoir on the “Cretaceous 
Rocks of Britain,” p. 481. 

^ A. J. Jakes-Browne, ‘ Cret. Rocks of Britain,’ vol. i. p, 54. 

- Dlie sa-csalled Greensand of Cambridge (pp. 1175, 1182), a thin glauconitic marl, with 
phospliatic nodules and nninerous erratic blocks, was formerly classed with the Upper 
Greensand, tut has been shown to he the equivalent of the Glauconitic Marl, forming 
really the ba.se of the Chalk Marl and lying unconformahly upon the Gault, from the 
denudatioiL off which its rolled fossils have been derived. Jukes-Browne, Q. J. G. S. xxxi. 
p. 272, xsxili. p. 485, xliii. p. 545. “Geology of Cambridge,” by W. H. Penning and 
A. J. Jukes-Browne, Mem. Geol. Surv. (1881), p. 24. The fishes of the deposit are 
enumerated ty A. Smith Woodward, Geol. Mag. (1895), p. 207. 



CBETAOEOUS SYSTEM 


1189 


SECT, iii § 2 


of the sands liave been supplied, fropi the Isle of "AViglit and the deposits in Dorset and 
Devon, particularly in the Blackdoivn HillsD Besides the distinguishing ammonites 
and those mentioned in the table on p. 1182, the fossils include Jloplites auritus, H. 
rauZhiictmis, A'liisoceoris {Eamites) armatiun, T'liro'ilUcs Bcj'geri, Apo'iMiais Parkimoni, 
Oardium gmtiamm, Cicciilltna glabm, Trigonia cilifowiis, Terehratula Upluctta,, TJiyn- 
cJionellcc sulcata. 

At the highest part of the Upper Greensand, where fully developed, there lies a group 
of sandy strata, 10 to <50 feet thick, wliidi in lithological characters and in fossil contents 
diifers from the deposits underneath them. As they are well developed in the Yale of 
Warminster, Wiltshii'e, they have long keen known as the “AYarminster Beds.” At that 
locality they are about 18 feet thick, and consist of glauconitic sands, chert, and siliceons 
rock, composed largely of spicules. These strata form the zone of Pccten aspcr and 
(Jardiastcr fossanus. Among their other fo.ssils are nunierons lamellibranchs (Lima 
semio7'iiata, Pecten Ilohi?iaZdi 7 im), brachiopods (Thij'nchomlla dimidiata^ M. gmsiaiia, 
Terehratula hipUcata, T. ovata, Terchrirostra lym), polyzoa (Ceriopom pohjmorplia\ 
echinoderms (more than SO species, including Ciclaris, Oaiopygus, Paltastcs^ Pseitdodia- 
devia, Salenia,) and sponges. 

At Hunstanton in Norfolk, likewise in Line ohisli ire and Yorkshire, as already (p. 
1183) referred to, the “ Led Ohalk” — a ferruginous, hard, nodular chalk zone (4 feet), 
lies at the base of the Chalk and rests on the Upper Neoconiiaii ‘^Carstone, ” the true 
Gault being there absent, although it occurs a few miles farther south. The proper 
horizon of this baud has been the subject of much discussion ; but it probably represents 
the Gault. Bands of red and yellow clialk occur in the lower parts of the Chalk above 
the horizon of the Red Obalkin Lincolnshire and Suffolk. 

Lower Chalk (Cenomanian).® — The thick calcareous deposit known as the Chalk 
is now classed in three Oliief divisions — Lower, Middle, and Upper, correspoonding to 

^ On the literature of the “Blackdovvn beds,” see W. Downes, Q. /. O. S. x.vxviii. 
(1882), p. 75, where a list of their fossils is given. The iniiDerous corals of the deposit were 
described by P. Martin Duncan, op. cit. xxxv, p. 90. 

A. J. Jukes-Browne, op. cit. pp. 62, 238, and aiitliorities there cited. 

See Whitaker, (kol. Mcaj. 1883, p. 22 ; Proc, (teoL Ansoc. viii. Uo. 3 (1883), p. 133. 
This author gives a full description and l-)ibliography of the Bed Chalk in Proc. yurwidi 
Geol. Soc. i. Partvii. (1883), p. 212. See also Mr. Lamplugh’s papers cited p. 1182, 
who shows that the Eed Chalk belongs to the zone of Belemnites ruinmws. 

^ A. J. Jukes-Browne, Oed. Mag. 1887, p. 24, W. Hill and Jukes-Browne, Q. J. G.S. 
xliii. p. 541. 

® For a comparison and discussion of this stage in the south of England and in France 
see A. J. Jukes-Browne and Hill, (p /. O. Hi.- (1896), pp. 99-177. The name of the 
stage is derived from CcBnonianum, the old Latin name of the town Man.s in the departinent 
of Sarfche. To the illustrious Hebert geology is indebted for inaugurating the thorough 
detailed study and classification to which the Upper Cretaceous formations of the Anglo- 
Parisian hasiii have been subjected- In 1874 he published a short memoir, in which the 
Chalk in Kent was subdivided into zones equivalent to those in the Paris basin {Jhdl. Soc. 
/kol. Ffctnce, 1874, jo. 416). SnUsequently the same task was taken up and extended over 
the rest of the English Cretaceous districts by Dr. Charles Bairois (‘Becherches sur le 
Terrain Cretace supdieur de FAngleterre etde ITrlande,’ Lille, 1876). The first English 
geologist who appears to have attempted the palteontological subdivision of the Chalk w'as 
Mr. Caleb Evans (‘Sections of Chalk,’ Lewes, 8vo, 1870; for the Cleologisti Associaikm). 
See also W. Whitaker, ‘Geology of the London Basin’ and ‘Geology of London’ ; Bristow’s 
'‘Isle of Wiglit,’ 2nd edit.; and A. Strahan’s “ Isle of Pur heck,” in Geol. Bivrmy Mtinoira. 
A tolerably full biijliograpby will be found in Dr. Barrois’ volume, and the whole subject is 
fully discussed in vols. i. aud ii. of the Geological Survey Memoir on tbe “Cretaceous 
Bocks of Britain.” 
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the Cenomaiiian, Tiironian, and Senoiiian stages of the Continent. Under the name of 
Lower Chalk are included the gi-oups of the “Glauconitic” or “Chloritic Marl,” the 
“ Chalk Marl,” and the “Grey Chalk ” up to the top of the zone of Actinocamax jolemis 
and base of the “Melbourn Kock.” 

Glauconitic {Chloritic) Marl . — This name has been applied to a local white, or light 
yellow, chalky marl lying at the base of the Chalk, and marked by the occurrence of 
grains of glauconite (not chlorite) and phosphatic nodules. It varies up to 15 feet in 
thickness. Among its fossils are Acanthoccras laticlaviiim, A. Maoitelli, SdilocnlacMa 
Qouim^ S. varians, lYautilus sullacmgatus^ Turrilites tuherculatus, Solarium ornatuui^ 
Plicatula injiata, TerebraHla Hplicata. It forms the base of the Sclilosnlachia uarians 
zone. 

Chalk Marl is the name given to an argillaceous chalk forming with the Chloritic 
marl, where the latter is present, the base of the true Chalk formation. This sub- 
division is well exposed on the Folkestone cliffs, also westward in the Isle of Wight, 
where a thickness of upwards of 100 feet has been assigned to it. Among its charac- 
teristic fossils are Plocoscyphia lahrosa, Holaster Isevis^ Terelratulina triangularis, 
Ehynclionella Martini, R. Mantelliana, Ostrea xesicularis, Inoceramus lotus, 1. striatus, 
Lima glolosa, Flicatula injiata, AcantTioccras cenomanense, A. Mantelli, A. navicular is, 
Hoplites falcatus, Schlcenhachia mrians, Scaphites scqualis, Turrilites costatus. 

Careful chemical and microscopic examination of the various subdivisions of tlie Chalk 
have disclosed the presence, even in the white and apparently perfectly pure Chalk, of 
a small proportion of inorganic mineral matter, giving rise to residues in which a number 
of minerals can be discriminated, including quartz, felspar, mica, hornblende, augite, 
tourmaline, zircon, rutile, anatase, brookite, garnet, &c. In the Chalk-marl the total 
amount of mineral residue is about 40 per cent, and in the Grey Chalk 44 per cent, 
while in the white Upper Chalk it has been found to sink to little more than a half of 
1 per cent.^ 

Grey Chalk . — The lower part of the Chalk has generally a somewhat greyish tint, 
often mottled and striped. In Bedfordshire and adjoining counties a band of hard grey 
sandy chalk, from 6 to 15 feet thick, containing 8 per cent of silica and in places 
much glauconite, is known as the “Totternhoe Stone,” ^ and forms the base of the Grey 
Chalk, which as a stage comprises the palaeontological zone of Holaster suhgldhosus 
with Actinocamax planus in its upper portion. In Cambridgeshire the Chalk Marl is 
covered by the band of Totternhoe Stone passing up into sandy and tlien nearly pure 
white chalk, and these strata, equivalents of the Grey Chalk, are probably separated 
by a palaeontological and stratigraphical break from the next overlying (Turonian) 
member of the series.’* According to the original classification of M. Hebert, this zone 
of Actinocamax plenus is placed at the base of the Turonian group ; by Dr. Barrois 
it is made the summit of the Cenomanian. The latter view receives support from 
traces of a break and denudation above this zone in England. 

The Lower Chalk attains its fullest development along the shore-cliffs of Kent, 
where it has a thickness of about 200' feet. According to Mr. F. G. H. Price, ^ it is 
there divisible into five beds or sub-stages. Of these the lowest, 8 feet thick ( = lower 
part of the Schlcenhachia varians zone), contains among other fossils Discoidea sithucula, 
Pecten Beaveri, Schloenhachia varians ; the second bed (11 feet) contains many fossils, 
including Acanthoccras rothomagense, A. Mantclli, Pachydiscus lewesiensis ( = part of 

Dr. Hume’s Essay cited on p. 1162, and M. Cayeux’s volume. 

2 For the list of fossils of this bed in Norfolk and Suffolk see Jukes- Browne and W. 
Hill, q.J. G. S. 1887, p. 577. 

^ A. J. Jukes-Browne, Gaol. Mag. 1880, p. 250. See also the same author in “Geology 
of the Neighbourhood of Cambridge” {Mem. Gaol. Surx.), and Q. J. G. S. 1886, p. 216 ; 
1887, p. 544. 

^ Q. J. G. S. xxiii. p. 436. 
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Sch/muh. vanans zoiig) ; the third bed (2 feet 9 inches), also abundantly fossiliferous, 
oontains among other forms PcUastes datliratiLS, Hemiastcr Morrisii^ Tercbmtulma 
Ilk niichowMa 'inantellicma, AcanthocGvas rothcyinagense, Schlcenb. varians ; this 
and tlic twf) underlying beds are regarded as comprising the zone of Acanthoccras 
rofJtomtKjrme and ^chlamb. varians ; the fourth sub-stage or zone of Molaster subglobosus 
( 1 18 le(d,), contains among its most characteristic fossils Discoidea cylindrical Holastcr 
su.bfjlahosus, and in its upper part Actinocamax plmus ; the fifth bed, or zone of 
Ad in. plains, consisting of yellowish -white gidtty chalk (4 feet), forms a well-defined 
band Ixitween the Grey Chalk and the overlying lower subdivision of the White Chalk 
('ruronian) ; it contains few fossils, among which are Actin. pleincs, PadioUtes Mortoni, 
Ptlfdtodns. 

•Middle Chalk (Turonian).^ — This division comprises the “Lower White Chalk 
with few flints,” and is marked off at the base by a band of hard yellow and white 
nodular chalk, locally known in Cambridgeshire as “ rag,” and termed by geologists the 
“ Melbourn Rock.” It is about 8 or 10 feet thick, and forms a convenient band in map- 
ping out the subdivisions of the Chalk. It contains Hhy^ichonella Cuvier i, Terebratulina 
striata, ./ noccramm Cuvieri, Spondylm striatus, Fachy discus peraonplus, ' 

d'he White Chalk of England and north-west France forms one of the most con- 
wpi(juouH meniljors of the great Mesozoic suite of deposits. It can be traced from 
Flam borough Head in Yorkshire across the south-eastern counties to the coast of Dorset, 
'riu'oughout this long course, its western edge usually rises somewhat abruptly from the 
plains as a long winding escarpment, which from a distance often reminds one of an old 
coa.st-liiie. The upper half of the deposit is generally distinguished by the presence of 
many nodular layers of flint. "With the excex)tion of these enclosures, however, the 
whohi formation is a remarkably pure white pulverulent dull limestone, meagre to the 
touch, and soiling the fingers. Composed mainly of crumbled foraminifera, urchins, 
inollnsks, &c., like some of the foraminiferal.ooze of the existing sea-bed, it must have 
been accumulated in a sea tolerably free from sediment. There is, however, no evidence 
that the d(ipth of the water at all approached that of the abysses in which the present 
Atlantic globigorina-ooze is being laid down. Indeed, the character of the foraminifera, 
and the variety and association of the other organic remains, are not like those which 
hav(i been found to exist now on the deep floor of the Atlantic, but present rather the 
(sharacters of a shallow-water fauna. ^ Moreover, the researches of M. Hebert have shown 
that the Chalk is not simply one continuous and homogeneous deposit, but contains 
evuhjuce of considerable oscillations, and even perhaps of occasional emersion and 
denmlation of the sea-floor on which it w'as laid down. The same observer believed 
that enormous gaps occur in the Upi)er Cretaceous series of the Anglo- Parisian basin, 
some of which are to be supplied from the centre and south of France {postea, p. 1198). 

Following the modern classification, we find that the old subdivision of “Chalk 
with i'ew flints ” agrees on the whole with the Turonian section of the system. This 
<livisiou, as above remarked, appears in some places to lie niiconformably upon the 
members below it, from which it is further separated by a marked zoological break. 
Nearly all the Cenomanian species now disappear, save two or three cosmopolitan forms. 
The ccliinoderms and brachiopods are entirely replaced by new species.”* Not only is 

* From Touraine, where the marly chalk is well developed. 

^ W. Hill and A. J. Jukes-Browne, Q. J. (P S, 1886, p. 216 ; 1887, p. 580. W. Hill, 
op. cit. 1886, p. 232. 

Dr. J. Gwyii Jeffreys pointed out that the molliiscaof the Chalk indicate comparatively 
shallow- water conditions; JMt. Assoc. Hep. 1877, Secs. p. 79. See also Nature, 3rd July 
1884, p. 215 ; L. Cayeux, Ann. Sac. CkU. Nord. xix. (1891), pp. 95, 252. For a general 
account of the origin of the Chalk, with special reference to its minuter organisms, see T. R 
Jones, Trans. Hertford. Nat. Hist. Soc. iii. Part 5 (1885), p. 143. 

^ Jukes-Browne, GeoL Mag. 1880, p. 250. 
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the base of tlie Turoiiiaii group (l(*.fiiio(l l)y a stratigrapliioal liiaius, but its Huiuuiit. is 
marked by the “ Nodular Chalk ” of Dover and the hard “Chalk Rock,” wliieh appear to 
indicate another stratigraphieal ])reak in what was formerly helic’ved to be an uuinler" 
rupted deposit of chalk. The thia^e Turoiiian paheontological zones, Sf) widl established 
in France, are. also traci'ahh* in England. As expos<fd in the spleiidi<l lu'iit elill's, the 
base of the English beds is formed hya well-marked hand (.‘12 Asd-j of bard grit ty <*halk, 
made U]) of fragments of Inucrnntd and other organisms.^ Fossils are Ihm’c scarce ; they 
include InocrraurKS 'jniifiloidcs (whiedi h(^s,dns here), Uh unrlumi'lltt (Jarirri, (ffdrrUtH 
{Eckiiiocmins) Hiihrohind ns, C(trilvts{er jn/f/min/s. Abovt^ this basement; bed lies the 
masHiv(i Chalk without Hints, full of fi-agiiients of Jnoi'rrunius m iit.iltnih's, wit h /. 
Ci(,vuri, Tt'.rrhraliUd st'inhjhibosn, TrrchraLu/ind. lata, (ialrrilrs [Krh inoro/ins ) suftrofund 
Tin*, lowei* 70 f(‘et or so inelude tln^ zone (d‘ IiJiifitditmelld (Jnvin'i, the next iK) t»r 
100 fe(;t that of Trrrhiuttdl tun. and the upper oO or (50 feet, containing layers cff 
black flints, that Jlohtstrr plnntfs. At the lop c.omes the nunarkably e(»nstant baud 
of ha.rd enuini-coloiired limestoiu) known as the “Chalk Rotdc,*’ varying from a few 
inches to 10 feet in thhikness. Itsui>per surfm^e is gemu'ally well (h^fineil, s<Mnetime.H 
<iV(‘n sugge.stivc. of having iHam eroded, but it shades down into tlni I^ower (dialk." 
ddiis band lias yiiikhal a large assemblage of fossils, including Editfi/its Hiihhvtdijat 
HHerocents 'irttsHinnum, lUtf.nJltrH hoheuncus, /’ria/tori/cltis Nvplititi, f^ifi'htjdisf'un 
perampliiSj BistpkUvs (tcinltzi, (drtocertts spisdcs of Kndtrtiiiutld, Pltiirolo" 

niaria, Trochns, Turbo., CrrtUuutit, Aporrluds, and other gastenfpods, together with 
AVjp/,{/r:r linmbus, InoneramuH striatuH, Lima Jhtprri, Sjxoidtf/i/H spitnuHits, djiprinu 
qmulraki, Cuspldaria. caud.ata, 

. From the Hev(‘.ral Huhdivisioris of tln^ English Chalk a consiilerable number of Hpetui-s 
and genera of fossil fisln^s hav<* lasm obtained. They emhraire stda(dnanH {iVu/idattiift, 
Hnhudvs, .Drqtanvphortts, Amnlm, (dt/rhitiu, Lamtut, Gorti.q PryidvdnH, Ttydiod 
chinneroids {Edttphodnu.., IschytHl us, Eiusmodcr/rs), ganoids ( Maertytotnu, Lopb insfoutu^i, 
Gudodus, AuonKr.oduH, Prufosphyrivua), and tideosteans {PorPim/s, Ir/dhyixfrdt ,% Pur/iy. 
rhizodvH^ (Js/iwroidrs, l{i>plopttv.nj,i '). ■* 

Dr. A. W. Rowe has recently shown the remarkable value of the species of J/Amn/e/* 
for purpoH(fH of zonal determination. He lias traced an unbroke.n evolution «»r variations 
in this genus from the base of the Turoniau up to the t<»p of the Mirrundr zones of the 
Seiioniau stage, and ha.s found that in ea<;h zone the special features of this ib-velopmeiit 
are ho distinctly marked that they may he (;onfi(lently used to fix tlu^ zone from 
which any specimen of MicrusUr has la^en obtained. The. zone of 'PrtrbrufuHua Pda 
is marked by the occurrtmee of Mlcrasdr cor-bnvis, the only Mknmlrr, with rare excep- 
tions, fouiitl below th(5 level of the zone of Jlofaskr plauuH. 'rhe latter zom*. is 
distinguished by JL Leskcl, pruimrsor and rordrMludiuurhnn. ISut besides tliew? 
specitic forms Dr. Rowe has been abb; to discriminate varietif^s which he has arranged 
into groups, based on a minute comparison ofditrerene.es in the 

Upper Chalk (Senonian,** IJppr.r Chalk with iiumiijUiits). ThismaKHive ftirmalton 
is composed of white, pulverulent, and usually tolerably jmre (dialk, with mattered thnts, 
which, being arranged in the lines of deposit, serve to indicate the. otherwise indistinct 
stratification of the mass. It has been g<;inirally regarded by English gtmlogislM as n. 
single formation, with great uniformity of lithological cdiaracters and foswl conteiitH, 

1 For an account of the Miildle Chalk of Dover .see W. Hill, ./. (P A. IHHfJ, p. 2.*i2. 

^ Whitaker, J/em. bW. Nar/'. iv. p. 46; Jukes- Browne, bVW. JA///. 1H80, p. 2fcl. A 
similar hand occurs iu Normandy. 

* H. Woods, Q. J. (/. A. hi. (1896), p. 68 ; liii. (IH97) p. 377. 

‘‘ A. Bmith Woodward, /Vor. deal. JsHttc, x, p. 285. 

® 'Q,J. &. A. Iv. (1899), p. 494 ; J*/vc, bW. Assoc, xvi. Part vL (1900), xvll. Part L 
(1901). 
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Mr. Whitaker, however, showed that distinct lithological platforms occur in it, anti 
later researches, especially by MM. Hubert and Barrois, brought to liglit in it 
the same zones that occur in the Paris basin. Of these the lowest, or that of the 
Micrasters (Broadstairs and St. Margaret’s Chalk), is most widely spread, the others 
having suffered most from denudation. It is well exposed along the cliffs of Kent at 
Dover, and also in the Isle of Thanct. At Margate its thickness has been ascertained 
by boring to be 265 feet. It contains two zones, in the lower of which the characteristic 
urchin is Micraster cor-teshtdinarmm, while in the upper it is M. cor-angiiinum. Near 
the top of the Micraster group of beds in the Isle of Thanet^ lies a remarkable seam of 
Hint .about three or four inches thick, forming a nearly continuous floor, which has 
been traced southwards at the top of the cliffs between Deal and Dover. Again, on the 
coast of Sussex, wdiat may be nearly the same horizon in the chalk is defined by a 
corresponding baud of massive flattened flints. The traces of immersion and erosion 
observed by M. Hebert in the Paris Chalk are regarded by Dr. Barrois as equally 
distinct on the English side of the Channel, in the form of surfaces of hardened and 
corroded chalk. One of these surfaces marks the upper limit of the Micraster group on 
the Sus.sex coast, where it consists of a band of yellowish, hardened, and corroded chalk 
about six inches thick, containing rolled green-coated nodules of chalk. ^ A similar 
hardened, corroded band forms the same limit in the Isle of Thanet. Occasional 
lenticular layers and pipes of phosphatic chalk are found in this stage, hut in England 
hitherto only on a small scale. ^ Among the fossils of the Micraster division the 
Ibllowing may be mentioned : Micraster cor-testiulinarucm, M. cor-anguinum.^ Ciclai'is 
clavigera, EcMnocorys milgaris, Galerites {Echinoconus) co7iicus, Epiaster gibhus, Tere- 
hrahdma lata, Terebratula semiglohosa, Ostrea vesimlaris, Inocermius mvolutus. 

The middle subdivision, or Margate Chalk, has been named the Marsupite zone by 
Dr. Barrois, from the abundance of these crinoids. It attains a thickness of about 80 
feet in the Isle of Thanet, where it contains few or no flints, and upwards of 400 feet in 
the Hampshire basin, where flints are numerous. Among its fossils are Po7'osphs:rea 
globularis, Bourgneticriims ellipticiis, Marsupites tcstudinarius, Micraster coraiigxiinum, 
Oalerites {Echinoconus) coniciLS, Echinocorys nulgaris, Cidaris clavigera, 0. sceptrifera, 
Thecidium Wetherelli, Tej'ehratula semiglobosa, Rhynchonella pUmdilis, Terehratulina 
striata, Spooidylus spmosus, S. datempleanus, Pecten cT’etosus, Ostrea vesicularis, 0. 
hippopodium, Inoceramus lingua (and several others), Actinocamax vemis, A. Mei'ceyi, 
Pachydisctts leptophylhcs. The lower half of the Marsupite zone is distinguished by the 
presence of Uintacrin'iLS — a free-swimming criiioid.'* 

The highest remaining group, or Norwich Chalk, forms the Bclcmnitella zone so well 
marked in northern Europe. It attains a thickness of from 100 to 160 feet in the 
Hampshire basin, is absent from that of London, but reappears in Norfolk, where it 
attains its greatest development. It is at Norwich a white crumbling chalk with layers 
of black flints which have yielded abundant sponge -spicnles.’'^ Among its fossils are 
Parasmilia centralis, Ccelosmilia lam, Cyphosoma rnagnificum., Salenia gcoineti'ica, 
Echinocorijs mdgaris, Rhynchonella plimtilis, var. octoplicata, R. limhata, Terebratula 
mrnea, T. obesa, Ostrea lunata, Belemnitella mucronata. 

The uppermost, or Danian,*^ division of the Continental Chalk appears to be absent 
ill England, unless its lower portions are represented by some of the uppermost beds of 

^ F. A. Bed well, Qeol. Mag. 1874, p. 16. 

“ Barrois, ‘Terrain Cretace de TAngleterre,’ &c. 1876, p. 21. - 

^ A. Strahan, Q. J. G. S. xlvii. (1891), p. 356 ; Geol. Mag. (189.5), p. 336 ; QM. G. S. 
lii. (1896), p. 463. 

For description and figures of this remarkable crinoid, see Bather, Proc. Bool. Soc. 
(1895) p. 974, and Springer, Me^ii. Mus. Zool. Narmrd, xxv. (1901). 

^ Professor Sollas, Ann. Mag. Nat. Hist. vi. (1880), pp. 384, 437. 

® So named from its development in Denmark. 
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tlie l^orwich Chalk. The highest beds of the English Chalk appear on the Norfolk 
coast, at Triniingliam, near Cromer, and contain Ostrea- lunata, Pecten ^idclielhis, 
Terehratulina gracilis (type), Trigonosevms clcgcins, and many polyzoa. 

The Cretaceous system is sparingly represented in Ireland and Scotland. Under the 
Tertiary basaltic plateau of Antrim, and resting nnconformably on Liassic and 
Rheetic strata,^ there lies an interesting series of deposits (from 70 to more than 200 
feet thick) which in lithological aspect differ greatly from their English equivalents, 
and yet from their fossil contents can be satisfactorily paralleled with the latter. 
They are thus arranged : — 


Hard white chalk 65 to 200 feet, with Ediino- 

= zone of BelemniteUa mucro-" 

corys s'Klcat.iis, kc. 

nata. 

Spongiarian bed (Ventriculites, &c.) 

, , A ctinocamiax verus 

Glauconitic (Chloritic) Chalk 

,, Echinocorys gihhvs 

and Ccmerospongia 
fungiformis, re- 
presenting the 

Micrastcr cor- 


anguinnni and part 
of the Marsniyites 
or Actinocamax 


t’m^5-zones. 


Glauconitic (Chloritic) sands 


Glauconitic (Chloritic) sands and sandstones 
(Cenomanian) . . . . . 


Grey marls and yellow sandstones 
Glauconitic sand 


Inoceramus (highest^ 
Turonian or lowest 
Senonian beds of = 
England) f ? g 

Exogyra columhct 


Ostrea carinata 
Exogyrct conica 


h-. 0 

P o 

.» g 


111 the west of Scotland, also, relics of the same type of Cretaceous formations have 
been preserved under the volcanic plateaux of Mull and Morven. They contain the 
following subdivisions in descending order : - — 


White marly and sandy beds with thin seams of lignite ... 20 feet 

Hard white chalk with BelemniteUa mucronata^ &c 10 „ 

Thick white sandstones with carbonaceous matter . . . . 100 ,, 

Glauconitic sands and shelly limestones, Pecten asjger, Exogyra conica, 

Neitliea {Janira) quinguecostata, JSfatitilm deslongchamyosiamis, &c. . 60 „ 


That the hard Chalk of Ireland, as well as the Liassic and Rhaetic formations below 
it, once extended to the north-east, at least as far as the basin of the Clyde, has been 
shown by the remarkable discovery (above alluded to) of large masses of these strata 
with their characteristic fossils within a great Tertiary volcanic neck in the island of 
Arran.^ On the east side of the country large quantities of chalk flints scattered over 
Aberdeenshire probably indicate that the Chalk lies not far oft' under the North Sea in 
continuation of its extension in Denmark. A considerable list of fossils has been 
obtained from the Aberdeenshire tracts, indicating that they have been derived from 
more than one horizon in the Cretaceous series. The specimens collected at Moreseat 
have clearly come from Lower Greensand, Gault, and Upper Greensand strata.** 


R. Tate, Q. J. G. B. xxi. (1865), p. 15 ; Barrois, ‘Recherches sur le Terrain Cr6tac6 
Superieur de I’Angleterre et de ITrelande,’ Lille, 1876 ; W. F. Hume, Q. J. G. B. liii. (1897), 
p. 640. 

2 Judd, ()• J' G. S. xxxiv. p. 736. ^ See note on p. 1137. 

^ G. Sharman and E. T. Newton, GeoL Mag. (1896), p. 247. A. J. Jukes-Browne and 
J. Milne, o;p. cit. (1898), p. 21. 
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France and Belgium. — The Cretaceous system, so extensively developed in western 
Europe is distrilnited in large basins, which, on the whole, correspond with those of the 
chief rivers. Thus in France there are the basins of the Seine or of Paris, of the Loire 
or of Touraine, of the Phone or of Provence, and of the Garonne or of Aquitania, in- 
cluding all the area up to the slopes of the Pyrenees. In most cases, these areas present 
such lithological and palreontological differences in their Cretaceous rochs as to indicate 
that they may have been to some extent even in Cretaceous times distinct basins of 
deposit. 

A twofold subdivision of the system is followed in France, but with a difference of 
nomenclature and partly also of arrangement from that in use in England, as shown in 
the subjoined table ; — 


^ From Mons in Belgium, where the deposit is typically developed. 

“ Well seen at Maestricht. ^ From Champagne. 

** From Erascher in Westphalia. From Santonge. 

From Cognac. From Angoiileme. 

” From the basin of the Loire. ® From the Charente. 

From Pwouen {liothomcKjus). From the Department of the Aube. 

From Apt in Vaucluse. From Orgon, near Arles. 

From Hauterive, on the Lake of Neuchatel. 

From the Chateau de Valengin, near Neuchatel. 


iSerie Infra-cretacee. - : Serie Supra-cretaceo. 
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Sub-Staoes. 

X. Fbance and BEuai'M. 

S.-E, AND S. Prance. j 


]\[ontien.l* 

'Calcaire pisolitique. Calcaire 
de Moils. Tiifteau de Ciply. 

Calcaire a Lgnhmis de Rognac. j 

Craie a lignites de Fuveau. j 

5 

a 

Maesti’ichtieii.2 

Calcaire a Baculites du Coten- 
tin. Craie de Maestricht. 

Calcaires inarneiix a Ifemipneiisfes . : 


Canipaiiien.'* 

Craie de Meudon. 

Craie de Reims. 

Calcaires a grands rndistes. 

Marnes et calc, a Hippurites dila- 

Seiionien 

c 

S 

"o 

K 

Santonieii.*'* 

Coniacian.f^ 

Craie a Marsiqntef;. 

Craie tl Mier. cor-anguinmn. 

Craie j\ M. cov-testudimu'miin. 
Craie k M. hrevis. 

Calcaires a hippurites. 

Grfes a ecliinides. 

Calcaires a hippurites. 

Gres k Micraster brevis. 

Couclies k Hippurites Zurchcn. 

s 

Aiigouiiiicn.'' 

Craie iiiarneiise Micr. 'brcvi- 
porus, et Tereb. (jracilis. 

Calc, a Hippurites coniu raccimnn ' 
et gres inf. de .Mornas. i 

Calc, a Birad iolites carimpastoris. 
Gres d’Uchaux. 

s 

Ligerieii.^* 

Craie inarneuse ii Inoccmmus 
Idbiatux. 

Marnes a nucleolites. 

Calc, k Auaii. nodosoides. 

o 

o 

Carentonien.9 

RotlioinagienJO 

Craie glauconieuse de Nor- 
mandie. 

Marnes a Schlfenbachia rostrata. 

Calc. i\ Caprina ad ve rsa et gres de 

M ondragon. 

Zone a A uarthopygiis orbicularis. 
Zone a Amm. Mantelli. 

a 

(U 

g 

<1 

Sables a Sclilcenbachia rostmta. 

Calcaire iiiariieux. 

Calcaire. glauconieux de Clan- 
sayes (Demoeeras injlatum). 

Gres et calcaires de CTars. 


JlTRA. 

i 

1 

(M 

d 

<1 

Sables a Acaiithoceras iiiillctianum. 

Calcaire, &c., ilPlicatules. 

1 

IVIarnes de Gargas. Calcaire a 
Ancyloceras et Ostrea mpiila. 
Marnes A. Belemnites semicanali- 
cvlatns. 

Calcaires k Toucasia, Ancyloceras. 

Urgo- 

Marnes h Orbitolines et Calcaires Pteroc^res 
et llequienia (Toncctsia) Lonsdalei (Rbodauien). 
Calcaire a Rnquienia ammonia. 

Calcaire a Requicnia (Toucasia) 
Lonsdalei. 

Calcaire A, Macroscaphites Yvani et 
Crioceras. 


Haiiterivieii.i-i 

Calcaire jaune (Neucliatel). 

Marnes de Hauterive. 

Calcaires a Crioceras Duvall et 
Belemnites pistillifo rrmis. 

Neocomie 

Valanginien.15 

Limonite de M6tabief et cal- 
caire roux A, Pygunis ros- 
tratiu%Belemnitespistilliformis, 
B. dilatatvj!. 

Calcaire a Sti'onibus Sautieri 
(Natica Leviathan), Nerinma 
gigantea. 

Marnes et Calcaires marneux A, 
Ammonites ferruginenses. 


For footnotes see previous i^age. 
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From tills table it will be perceived liow marked a lithological difference is traceable 
between the Cretaceous deposits of the north and south of France. The northern area 
indeed is linked wdtli that of England, and was evidently a part of the same great basin 
in which the English Cretaceous rocks were deposited. But in the south, the aspect of 
the rocks is entirely changed, and with this change there is so marked a difference in 
the accompanying organic remains as to indicate clearly the separation of the two 
regions in Cretaceous times. 

Lower Cretaceous (Infra-ciletac:^). — ISTeocomian.^ — This division is well seen 
in the eastern part of the Paris basin. The lowest dark marl, resting irregularly on the 
top of the Portlandian series, indicates the emersion of these rocks at the close of the 
Jurassic period, and may represent the Valanginian stage. It is followed by ferruginous 
sands, calcareous blue marl, spatangus-limestones, and yellow marls (abounding in 
Echinospatagus ( Toxastcr) complanatus, Exogyra Coiiloni, Haiyagodes {Fterocera) pelagic 
Hoplites radiatus, &c.), the whole having a thickness of 125 to 140 feet, and representing 
chiefly the upper or Hauterivian sub-stage. Much more important is the development 
of the FTeocomian deposits in the southern half of France. They present there evidence 
of deeper water at the time of their formation. The Heucliatel type (p. 1204) is pro- 
longed into the northern part of Dauphin^, where it is seen in a gr*oup of limestones, 
with Exogyra Couloni, &c., in the lower, and Toxasic^' complanatus, &c., in the upper beds. 
Southwards the limestones are mostly replaced by marls, and the whole at Grenoble 
reaches a thickness of more than 1600 feet, resting on the upper Jurassic limestones 
with Terehratida dipliyoides, and separable into a lower or Valanginian group, with 
Harpagodes pelagic Ostrea Couloni, 0. macroptera, Pygitrus rosiratus, &c. , and an upper 
or Hauterivian group, with Eoplitcs radiatiis, H. Uopoldinus, Crioce^us jBeUmnites 

dilatatuSj Rhynchonella peregrma. 

Urgonian. — This name was given by D’Orbigny to a series of massive limestones 
(1150 feet) developed at Orgon in the lower valley of the Durance, and marked by the 
presence of Beleinnites latus, B. dilatahis, in the lower part ; Echinospatagus complanatus, 
Exogijra Coulon% Neitliea {Janira) atava, &;c., in the central thickest portion ; and 
Echinospatagus ricordeames, Ancyloceras^ Crioceras, &c., in the upper hand. The 
Caprotina limestone of Orgon is a massive white rock, sometimes 1000 feet thick, 
remarkable for the abundance of its hippuritids, Ecquienia ammonmy It {Toucasia) 
Zo'iisdalei, B. gryplioides, gigantic forms of Nermsca, and corals. This type of sedi- 
mentation is so local in its occurrence, and is -so apt to reappear on different horizons, 
that some geologists have advocated the abandonment of the term Urgonian and the 
adoption in its place of Barremien,” from Barreme in the Basses Alpes, where a groux> 
of strata above the Hauterivian stage is well developed, and contains a distinct pelagic 
fauna, which, however, is not found in the north of Eurox)e. At Barreme the gi*oux> 
consists of lower white marly limestones, and an upper grey marly limestone, with 
MacroscapMtes Ivaniy Besmoceras difficile, Zytoceras Phestus, Phylloceras infundihulum. 
The more argillaceous and sandy type of sediment, which is shown in England by the 
Atherfield Clay and its equivalents, extends into the northern Cretaceous basin of France, 
where it appears in a series of sands and clays which in Haute Marne are from 60 to 80 
feet thick, and contain Echinospatagus {Toxaster) ricordcanus, Ostrea Zeymeriei, keP 


^ See D’Archiac, M^n. Soc. GM. France, 2® ser. ii. p. 1. Raulin, op. cit, p. 219. 
Ebray, Bull. Soc. Oiol. France, 2® ser. xvi. p. 213 ; xix. p. 184. Cornuel, Bidl. Soc. GSoL 
France, 2® s4r. xvii. p. 742 ; 3® ser. ii. p. 371. Hebert, op. cit. 2® ser. xxiv. p. 323 ; xxviii. 
p. 137; xxix. p. 394. Coquand, op. cit. xxiii. p. 561. Rouville, op. cit. xxix. p. 723. 
Bleicher, op. cit. 3® s4r. ii. p. 21. Toucas, op. cit. iv. p. 315. Kilian, ojj. cit. xxiii. 

^ Professor De Lapparent (“Trait4,” 4th edit. p. 1313), brackets the ‘‘Puiifield Beds’" 
and the Atherfield Clay as the English equivalents of the Barreinian stage ; but, as already 
pointed out {ante, p. 1185), the “Punfield Beds’^ have no existence, apart from the general 
mass of the Lower Greensand to which they belong. 
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Aptian. — In the typical district round Apt in Vaucliise, this stage consists of a 
lower group of blue marls (Mariies de Gargas), with Rlimtula ;placunea, RopUtes 
Diifrenoyi, Rlacenticeras Risus^ Ostrea aquilcb, Belmxnitm scmimnaliculatiis^ followed by 
yellowish marly limestone Ancylocercts renauxianum and Ostrea aquila. The stage 
swells out in the Bedoule to a thickness of nearly 1800 feet, consisting of marly lime- 
stones and marls in which uncoiled ammonites like Ancyloceras are specially conspicuous. 
Among the more prominent fossils in the lower part are species of Plicatula with 
Amyldceras Matlieroni and HcqAites Jissicostatus ; in the upper pai.’t come Belemnites 
semimnaliculatus, Boumlleiceras cornueliamim, Rlacenticeras JYisits, LCoplites Evfrenoyi, 
&c. In northern France the Aptian stage is chiefly clay, with Rlicatnla placunea, R, 
radiola, hence the name ‘‘Argile ii Plicatules.” Near St. Dizier, Haute Marne, the 
lower beds are likewise characterised by Terehratida sella^ Ostrea aqiiila; the middle* by 
BonmlUiceras cornuelianmii, Ancyloceras Mather oni ; the upper by Rlacenticeras Ntsus, 
Hopliies JDeshaijesi. 

The English type of strata from the Weald upwards is prolonged into France. 
Fresh- water sands and clays (with ITnio and Cyreiia), found above the Jurassic series in 
the Boulonnais, evidently represent the Weald, and are covered by dark green clays and 
Sands, which are doubtless a continuation of the Folkestone beds, and by a thin blue 
clay which represents the Gault. Again, in the Pays de Bray, to the west of Beauvais, 
certain sands and clays resting on the Portlandian strata represent the Wealden series, 
and are followed by others which may be paralleled with the Urgonian, Albian, and 
Gault.i 

In Belgium the Cretaceous system is underlain by certain clays, sands, and other 
deposits belonging to a continental period of older date than the submergence of that 
region beneath the sea in which were deposited the uppermost Neocomian beds. These 
scattered continental deposits were grouped under the name of “ Aachenian,” for which 
is now substituted “ Bernissartian.’' That at least some part of them belongs to older 
Neocomian time, and may be coeval with the Weald, may be inferred from the remark- 
able discovery at Bernissart, already alluded to, where, in a buried system of Cretaceous 
ravines, remains of the terrestrial and fluviatile life of the time have been well pre- 
served {ante, p. 1175). The deposit in which tliese remains have been found consists 
of fluviatile sands and clays lying under the Chalk, which has been jnercecl in order to 
reach the Coal-measures below. The fossils include the complete skeletons of more 
than twenty individuals belonging to at least two species of Iguanodon, together with 
numerous turtles and fluviatile fishes {Lepidotxts, Ophiopsis). The plants include a 
number of ferns {Sagmoptens Mantelli, Matonidium Goepperti, Laccopteris Lunkeri, 
OnycMopsis Ma'tvtelU, Buffordia Geepperti, Weichselia Mantelli, Splienoptcris, Clado- 
phlehis), and some conifers {Rinites, Conites).^ 

IJppBii Cretaceous (Si^rie SuPRA-cii^TAckE). — The Upper Cretaceous rocks of 
France have been the subject of prolonged and detailed study by the geologists of that 
country."* The northern tracts foi-m part of the Anglo-Parisian basin, in which the 

^ Wealden deposits have been described as occurring even as far south as the province of 
Santander, Spain. A. Gonzalerz de Linares, Anal, Soc. Esp. Mist. Nat. vii. (1878), p. 487. 

^ On the Aachenian deposits see Dumont, ‘ Terrains Cretaces et Tertiaires ' (edited by 
M. Mourlon, 1878), i pp. 11-52. Mr. Purves of the Belgian Geological Survey proposed 
to substitute Beriiissartian for Aachenian to distinguish the Belgian deposits from the very 
distinct and later type seen at Aix-la-Chapelle, Bull. Mus. Roy. Nat. Hist. Bdg. ii. (188S), 
p. 153. See also E. Yan den Broeck, Bull. Soc. Belg. GM. xiv. (1900), p. 46. 

^ E. Dupont, Bull. Acad. R. Belg. xlvi. (1878), p. 387 ; L. Dollo, Bull. Mus. Roy. 
Hist. Nat. Brussels, ii. (1883), p. 303; A. C. Seward, Mem. Mus. R. Hist. Nat. Brussels, 
i. (1900). 

^ Notably by MM. Hebert, Toucas, Coquand, and Cornuel. As already stated, consider- 
able differences ‘exist among French and Swiss geologists as to the nomenclature and the lines 


1199 


SECT, iii § 2 CRETAGEOm SYSTEM 

Upper Cretaceous rocks of Belgium and England were laid down. The same paheonto- 
logical characters, and even in great measure the same lithological composition, prevail 
over the whole of that wide area, which belongs to the northern Cretaceous province of 
Europe. Apparently onl}’ during the early part of the Cenomanian period, that of the 
Rouen Chalk, did the Anglo-Parisian basin communicate with the wider waters to the 
south, which were bays or gulfs freely opening to the Atlantic. In these tracts a 
notably distinct type of Cretaceous deposits was accumulated, wliich, being that of the 
main ocean, covers a much larger geographical area and contains a much more widely 
diffused fauna than are presented by the more limited and isolated northern basin. 
There are few more striking contrasts between contemporaneously formed rocks in 
adjacent areas of deposit than that which meets the eye of the traveller who crosses from 
the basin of the Seine to those of the Loire and Garonne. In the north of France and. 
Belgium, soft white chalk covers wide tracts, presenting the same lithological and sceMc 
characters as in England. In the centre and south of France, the soft chalk is replaced 
by hard, craggy limestone, with comparatively few sandy or clayey beds. This mass of 
limestone attains its greatest development in the southern part of the department of 
the Dordogne, where it is said to be about 800 feet thick. The lithological differeiices, 
however, are not greater than those of the fossils. In the north of France, Belgium, ' 
and England, the singular molluscaii family of the RiidLstm (Hippuritidic and Radiolitidce) 
appears only occasionally and sporadically in the Cretaceous rocks, as if a stray individual 
had from time to time found its way into the region, but without being able to establish 
a colony there. In the south of France, however, the hippurites occur in prodigious 
quantity, often mainly composing the limestones, hence called hippiirite limestone 
(Rudisten-Kalk). They attained a great size, and seem to have grown on extensive 
banks, like our modern oyster. They appear in successive species on the different stages 
of the Cretaceous system, and can be used for marking palceontological horizons, as the 
ceplialopods are employed elsewhere. But while these lamellibranchs played so im- 
])ortanfc a part througliout the Cretaceous period in the south of France, the numerous 
ammonites and belemnites, so characteristic of the Chalk in the Anglo-Parisian basin, 
were comparatively rare there. The very distinctive type of hippurite limestone has so 
much wider an extension than the northern or Chalk type of the upper Cretaceous 
system that it should be regarded as really the normal development. It ranges through 
the Alps into Dalmatia, and round the great Mediterraneaii basin far* into Asia. 

Albian.^ — The thin blue clay above alluded to as representing the English Gault’ 
in the Boulonnais contains such representative fossils as Doicvillciceras mmmnillat'Win^ 
Ho]^lites inte7^ruptiiSj Schlrnnhachia rostralcu, Iiwceranius sulcahts, and JSfticula hivirgata. 
The same sedimentary facies can be followed into the Fans basin, where the Albian stage 
consists of a low*er green pyritons sandy member (Sables verts), 30 feet thick, covered 
by an upper argillaceous band which represents the English Gault. These deposits con- 
tinue the English type round the northern and eastern margin of that basin. They have 
been found in deep wells around Paris. In the valley of the Meuse and in the Ardennes 

of demarcation between the Upper Cretaceous formations, arising in great part from the 
varying aspect of the rocks themselves, according to the region in which they are studied. 
I have followed mainly M. Hebert, whose suggestive memoirs ought to be carefully read by 
the student. See especially his “Ondulations de la Orale dans le Bassin d© Paris," B. K 
Q, F. (2) xxix. (1872), p. 446 ; (3) iii. (1875), jx 512 ; and Ann. Sci. Geol. vii. (1876) ; 
“Description du Bassin d’Uchaux," Ann. Sci. OSol. vi. (1875) ; “Terrain Cretace des 
Pyr4n6es," B. S. Q. F. (2) xxiv. (1867), p. 323 ; (3) ix. (1880), p. 62. The progress of 
the study of the zonal distribution of fossils has introduced a number of minor subdivisions, 
and has given much assistance in the correlations of the formations in widely separated 
districts. . 

^ See, besides the works already cited, Barrois, B. S. G. F. 2° ser. iii. p. 707 ; Ann. Soc. 
QioL du JTord, ii. p, 1 ; v. p. 284 ; Renevier, B. B. (/. F. 2^ ser. ii. p. 704. 
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the stage consists of three subdivisions : (1) a lower green sand {Douvilleiceras maordl- 
latum)^ with phosphatic nodules ; (2) a brick clay with Hoplites lautus, H. tuberculaUis ; 
(3) a porous calcareous and argillaceous sandstone {Gaize)^ containing a large percentage 
of silica soluble in alkali {Schkenbachia rostrata^ &c. ). 

Cenomanian (Craie glauconieuse). — According to the classification of M. Hebert 
this stage is composed of two sub-stages : 1st, Lower or Rouen Chalk, equivalent to the 
Upper Greensand and Grey Chalk of England. In the northern region of France and 
Belgium this sub-stage consists of the following subdivisions : a lower assise of glaucon- 
itic beds like the English Uj^per Greensand, containing Schlmuhachia rosirata below 
Pecten asper above ( “ Rothomagian ” sub-stage); &, Middle glauconitic chalk with 
Turriliics tiibcrciUatus, Holaster mrinatus, &c., probably equivalent to the Englisli 
Glauconitic Marl and Chalk Marl ; r. Upper hard, somewhat argillaceous, grey chalk 
with Holmter suhglobosns ; the threefold subdivision of this assise already given, is 
well developed in the north of France ; d, Calcareous marls with Actinocamax plenus 
(“ Carentonian” sub-stage). 2nd, Upper or marine sandstone ; according to M. Hebert 
this sub-stage is wanting in the northern region of France, England, and Belgium. In 
the old province of Maine it consists of sands and marls with Anorthopygus orbim- 
laris, Osirea coluoiiba, Trigonia crcnulata, Acanthoceras rothomagense, &c. Farther south 
these strata are replaced by limestones with hippurites (Caprinti adxersa), which extend 
up into the Pyrenees and eastwards across the Rhone into Provence.^ Around Marseilles 
the stage has at its base a coarse sandstone [Acanthoceras ManUlli^ Pecten asper, Holaster 
subglobosiis, Orbitolina concava). Higher up come the hippurite limestones, with Caprina 
adxersa, and in their middle a zone of marls and lignites. 

' Turonian (Craie marneuse).*-^ — This stage presents a very different facies according 
to the part of the country where it is examined. In the northern basin, according to 
M. Hebert, only its lower portions occur, separated by a notable hiatus from the base of 
the Seiionian stage, and consisting of marly chalk with Inoccramns lahiaius, L Brong- 
niarti, Rhynchonella Cuvieri, Mammites nodosoides, M. rustlcus, Pachydisc'iis per ampins, 
Terebratulina gradlis (“ Ligerian” sub-stage). He placed the zone of Holaster planus 
at the base of the Senonian stage, and believed that in the hiatus between it and the 
Turonian beds below, the greater part of the Turonian stage is really wanting in the 
north. On the other hand, Dr. Barrois and others would rather regard the zone of 
Holaster planus as the top of the Turonian stage (“ Angoumian” sub-stage). In the 
north of France, as in England, it is a division of the White Chalk, containing Pachy- 
discus peramplus, RcapMtes Geinitzii, Rpondylus spinosus, Jiioceramm inmq%Livalxis, 
Terebratula semiglobosa, Holaster planus. Ventriculites moniliferus, &c. Strata with 
Inoceramus lahiatus, marking the base of the Turonian stage, can be traced through the 
south and south-east of France into Switzerland. These in Provence consist of marls 
with Mammites nodosoides, which are covered by marls, sandstones, and massive limestones 
with Ostrea columba and enormous numbers of hippurites [Hippurites cornuxacdivmn, 
Biradiolites coimu-pastoris, &c.). These hippurite limestones sweep across the centre of 
Europe and along both sides of the great Mediterranean basin into Asia, forming one 
of the most distinctive landmarks for the Cretaceous system. A distinguishing feature 
of the stage at the Etaiig de Berre is the j^resence in it of a laminated clay containing 
leaves of dicotyledonous plants {Myrica, Magnolia, Salix), together witli cycads and 
conifers. 

1 See the memoir on the Upper Cretaceous Rocks of the basin of Uchaux (Provence) by 
Hebert and Toucas, Awn. Scie^ices G^ol. vi. (1875). 

2 For a review and parallelism of the Turonian, Senonian, and Danian stages in the 
north and south of Europe see Toucas, B. S. Q. F. 3^*^® ser. x. (1882) p. 164 ; xi. p. 344 ; 
xix. p. 506 ; for a general description of the formations in the south-east of France, see 
Fallot, Ann. Sci. Giol. xviii. 1, 1885, and B. S. G. F. (3) xiv. (1886), p. 1. The memoir 
of M. Grossouvre cited on p. 1181 should be consulted for the Upper Cretaceous formations. 
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Senonian. — Tliis stage is most fully developed in the northern basin, Avhere it 
consists mainly of White Chalk in two divisions : 1st, Lower (Emscherian), separable into 
two sub-stages, in the lower of which {Coiii2ioi&n.)3ficraste7' cor -test adinariwn, and in 
the upper (Santonian) M. cor-miguiniom is the prevalent urchin. The same palieonto- 
logical facies occurs in these as in the corresponding strata of England. 2nd, Upper 
(Campanian), Belemnitella sub-stage, formed of the Reims Chalk below wit\iActmocamax 
quadratus, Micraster fastigatuSj M. glyptus^ and the Chalk of Compiegne and Meudon 
above, with Belemnitella mucroiiata, 3Iagas pumihis, 3Iicraster Brongniarti, Ostrea 
msicularis. In the south and south-east of France the corresponding beds consist of 
limestones, sandstones, and marls, with abundant hippurites, and also include some 
fresh-water deposits and beds of lignite. 

Reference may here be made to the marked abundance of phosphate of lime in some 
parts of the chalk in northern France and Belgium, The white calcareous chalk 
occasionally becomes grey in colour from the abundant grains of phosphate of lime 
dispersed through it. This structure is particularly developed in Picardy at the base 
of the zone of Actinocamax quadratus, and especially at the bottom of synclinal folds of 
the strata. It is local and lenticular in its occurrence, but it has given rise to an active 
industry.^ 

Danian. — This subdivision of the Cretaceous system is specially developed in the 
northern basin. In the neighbourhood of Paris and in the department of Oise and 
Marne, a rock long known as the “Pisolitic Limestone” occurs in patches, lying imcon- 
formably on the different parts of the Chalk. It has been ascertained, however, that 
these outliers are not all of the same age, and that some of them belong to the very latest 
parts of the Cretaceous series, or form passage-beds into the Tertiary formations.^ The 
long interval which must have elapsed between the deposition of the highest Senonian 
bed.s and these limestones is indicated not only by the evidence of great erosion of the 
Chalk, but also by the marked palajontological break between the two rocks. The 
general aspect of the fossils resembles that of the older Tertiary formations, but among 
them are some undoubted Cretaceous species. In what are regarded as the oldest of 
these deposits (Montereau and the Bois d’Esmans) they consist of hard, somewhat 
coarse-grained limestones with Neithea quadrkostata and MaxUilus heherimus. The rest 
of them, grouped in the latest (Montian) sub-stage of the Cretaceous system, have a lower 
division of concretionary limestones, mainly built up of calcareous algce [Liiliothamnium) ‘ 
wiili Fleitrotomaria pemdti'iiia and large forms of Cerithium, Neithea quadricostata, Lima 
tecta, Nautil'iis danicus, as.sociated with a number of later types found also in the upper 
division. This latter portion of the series comprises the Calcaire de Meudon (6 or 7 feet), 
surmounted by marls that have been formed by the decay of the limestone. This 
calcareous band is mainly formed of foraminifera, echinids {Cidaris Tomhecki, Goniopygus 
minor) with some calcareous algai, large Oerithimn, Turitella montensis, Pscudoliva 
rdbusta, Mitra Bcwalqnei. Remnants of a fresh-water formation are found at the top, 
shown by the occurrence of Viviparus, Physa, and other lacustrine shells. 

In the south-east of Belgium the Danian stage is well exposed, resting unconformably 
on a denuded surface of chalk. In Hainault, it consists of successive bands of yellowish 
or greyish chalk, between some of which there are surfaces of denudation, with perfora- 
tions of boring mollusks, so that it contains the records of a prolonged period (Tuffeau 
de Ciply, Calcaire de Mons), The Tuffeau de Ciply lies on the phosphatic White Chalk 
with flints forming the top of the Senonian stage. It is a pale limestone, which in the 
lower part {Tuffeait, de St. Symphorien) contains an obviously Cretaceous fauna, includ- 
ing Belemnitella muermiata, Baculites Faujasi, Neithxa quadricostata, Terehratula carnea, 

1 J. Gosselet, Ann. Soc. Q^ol. Nwd. xx. (1893), p. 371 ; xxL p. 2 ; xxiv. pp. 109, 119 ; 
xxix. p. 65. M. de Mercy, B. S. O. F. 3*“® scr. xv. p. 719. J. Cornet, Aom. Soc. Geol. 
Beige, xxvii. (1900). 

^ Meunier Chalmas, B. S. G. F. 3® scr. xxv. p. 82. 
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Crania ignabergensis. The upper part, though like the lower in lithological character, 
contains a remarkably different fauna, consisting largely of gasteropods like those of the 
Mons limestone, while bryozoa abound in certain layers associated with echinids and 
brachiopods of Cretaceous species. The Calcaire de Mons, which reaches a thickness of 
about 300 feet under the town whence it takes its name, lies on the White Chalk, and 
is immediately overlain by the Tertiary formations. It is a coarse, yellowish limestone 
composed of foraminifera, calcareous alga% and other organisms, which have a strikingly 
Tertiary aspect, since they include species of Triton, Fusus, and FseudoUva, together 
with fresh -water or terrestrial forms, such as Fitpa, Physa, and Bithinia.^ 

Another well-known representative of the highest Cretaceous deposits in the Franco- 
Belgiaii area is the chalk or tuffeau of Maestricht. As at Ci 2 '>ly and Mons, it is 
separated from the Senonian chalk below by a gravelly layer indicating considerable 
jmevious erosion of the older formation. It has yielded a remarkably abundant fauna, 
including many familiar upper Cretaceous species — Belemnitella mucronata, Baculites 
Fa.ujasi, B. anceps, Nautilus Dekayi, ScapTiites cooistrictus, Osirea vesicularis, Crania 
ignabergensis, Trigonoserms {Fissurirostra) Palissii (characteristic), Eemipncustes striata^ 
racliatus, Cidaris Faujasi, numerous bryozoa (Eschara and other gen era), some hippurites 
{Hip 2 mritcs Lapcirousei, Sphair%ilites Eo&ninghausi), fishes {Acrod-us, Co7'ax, Enchodus, 
Otodus, Pymodus), and the remains of the last of the great Cretaceous niosasaurs. 

The later members of the Cretaceous system, representing perhaps the 2 )eriod of the 
Maestricht Chalk, emerge from under the Tertiary formations of the vast Aquitanian 
jdain. In the departments of the Charentes the so-called “ Dordonian ” sub-stage, which 
is paralleled with the Maestrichtian, is well developed in a mass of limestones about 
250 feet thick, containing numerous hippurites together with Hemiaster prunella, Ostrea 
larva, 0. acutirostris, SpJicnodiscus, Bachydisms, Scap)liites. At the top of these 
marine beds lies a group of sandstones about 50 feet thick, which show traces of the 
advent of fresh water. The evidence of this important geographical change becomes 
still further marked to the south-east in Provence, where there is striking proof of a 
gradual shallowing of the Upper Cretaceous sea, until that area had become a fluviatile 
or lacustrine tract, in which during the later stages of the period a mass of fresh-water 
strata more than 2600 feet thick was accumulated. This enormous development of sedi- 
ments consists of limestones, marls, and lignites grouped in the following subdivisions : 
\a) Lower limestones with Bulimus prohoscideus and Cydophorus JSeberti ; {b) beds with 
lignite which at Fuveau are more than 1200 feet thick ; (c) limestones with Lychmis, 
Physa,^ Cydophorus, Anostoviopsis ; {d) reptiliferous sandstones and limestones with 
Lychnus, Physa, &c. The second group of strata (5) shows a remarkably thick accumu- 
lation of fluvio- lacustrine deposits with numerous seams of lignite or coal (some of 
them 5 feet thick), bones of crocodiles, and numerous fresh-water or estuarine shells 
{Ccrithium, Melania, Melanopsis, Unio, Cyre7ia)P 

Germany. — The Cretaceous dex)osits of Germany, Denmark, and the south of 
Sweden were accumulated in the same northern province with those of Britain, the 
north of France, and Belgium, for they ^Dresent on the whole the same palaeontological 
succession, and even to a considerable extent the same lithological characters. It would 
appear that the western j^art of this region began to subside before the eastern, and 
attained a greater amount of depression beneath the sea. In proof of this statement, it 
may be mentioned that the Neocomian clays of the north of England extend as far as 
the Teutoburger Wald, but are absent from the base of the Cretaceous system in Saxony 
and Bohemia. In north-west Germany, Neocomian strata, under the name of Hils, 
appear at many points between the Isle of Heligoland (where reiDresentatives of part of 
the Speeton Olay and the Flunstanton Bed Chalk occur) and the east of Brunswick, 

^ MM. Rutot and Van den Broeck, A7in. Soc. Giol, Beige, xii. xiii. ; Cornet and 
Briart, B. B. G. F. ser. ii. 

2 Matheron, B. B. G. F. 2"^® ser. xxi. ; S(*r. iv. ; Collot, op. cit. xix. 
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indicative of what was, doubtless, originally a continnoiis. deposit. In Hanover, they 
consist of a lower series of conglomerates (Hils-conglonierat), and an upper group of 
clays (Hils-thon). Appearing on the flanks of the hills which rise out of the great 
drift-covered plains, they attain their comjdetest development in Brunswick, where they 
attain a total thickness of 450 feet, and consist of a lower group of limestone and sandy 
marls, with Echmospatagus (Toxaster) complccnatus, Exogyrcc Oouloni (sinuata), Poly- 
ptichites hidicliotomus, Olcostephanus {Astierid) astierianus, and many other fossils ; a 
middle group of dark blue cla^’^s with Belemnites hritnsdcensis, Placenticeras Nisus, 
Crioceras [Ancyloceras) Emcrici^ Exogyreo Coiiloni &c., and an upper group of 

dark and whitish marly clays with DouvilUiceras Martini, Hoplites DesTiayesi, Placenti- 
ceras Nisus, Belemnites Etcaldi, Toxoeeras? roycrianum, Crioceras, &c.^ Below the 
Hils-thon in Westphalia, the Harz, and Hanover, the lower parts of the true marine 
Neocomian series are replaced by a massive fluviatile formation corresponding to the 
English Wealden, and divisible into two groups : 1st, Deister sandstone (150 feet), like 
the Hastings Sand of England, consisting of line light yellow or grey sandstone (forming 
a good building material), dark shales, and seams of coal varying from mere partings 
up to workable seams of three, and even more than six, feet in thickness. These 
strata are full of remains of terrestrial vegetation {Eguisetum, Baiera, Oleandridimn 
Laccopteris, Sagenopteris, Anomozamites, PtcropKyllnm, Podozamites, and a few conifers), 
also shells of fresh-water genera {Oyrena, Viriparus), cyprids, and remains of Lepidotns 
and other fishes ; 2nd, Weald Clay (65-100 feet) with thin layers of sandy limestone 
{Oyrena, Unto, VivqKmis, Melania, Cypris, &c.).^ The Gault (Aptian and Albian) of 
north-western Germany contains three groups of strata. The lowest of these consists of 
pale clays and marls (Gargas-Mei*gel) with Belemnites Eweddi, Doitvilleiccras Martini, 
Hoplites Desha, yesL The middle (zone of Belernnites Stromheclci) consists of a lower clay 
with Acanthoceras milletiamim and an upper clay with Hoplites tardefurcatus. The 
highest contains at its base a clay with Belemnites minimus, and at its top the widely 
diffused and characteristic “ Flammenmergel ” — a pale clay with dark flame-like streaks, 
containing the zone of Schloenhachia rostrata, Hoplites laiUus, keP In the Teutobiirger 
Wald the Gault becomes a sandstone. 

The Upper Cretaceous rocks of Germany ijresent the greatest lithological contrasts to 
those of France and England, yet they contain so large a proportion of the same fossils 
as to show that they belong to the same period, and the same area of deposit.'^ The 
Cenomanian stage ( = Unterer Planer) consists in Hanover of earthy limestones and 

^ A. von Strombeck, Z. D. O. U. i. p. 462 ; xii. p. 20 ; N. Jahrh. 185.5, pp. 159, 644 ; 
Judd, Q. J. (n. S. xxvi. p. 343 ; Vacek, Jahrh. (ieol. lieichsanst. 1880, p. 493. 

W. Dunker, ‘ Ueber den norddeutsch. Walderthon, u. s. w.,’ Cassel, 1844; Bunker 
and Von Meyer, ‘ Monograph ie der norddeutsch. Walderbildiuig, u.' s. w.,’ Brunswick, 
1846 ; Heinrich Credner, ‘ Ueber die Gliederimg der oberen Jura imd der Wealdenbildnng 
in nordwestlichen Deutschland,’ Prague, 1863 ; C. Striickmaiin, ‘Die Wealden- Bilduu gen 
der Umgegend von Hannover,’ 1880 ; A. Schenk on the Wealden Flora of Hortli Germany, 
Palaiontographica, xix. xxiii. ; Gugel, Jahrh. Preuss. deal. T^ndesansLyix^. (1893), p. 158. 
A. Hosius has described the intercalation of marine beds containing Ostrea, JJncida, 
Gucnllma, and Rhizocorallinm in the Westphalian Wealden series, Z. D. (/. G. xlv. 
(1893), pp. 34-54. A. von Koenen has recently grouped the north German Lower Cretaceous 
series in accordance with the classification adopted for the formations on the north side of 
the Alps. Nachr. Ges. Wiss. Gottingen, 1901, 1902. 

^ Oeol. Mag. vi. (1869), p. 261. A. von Strombeck, Z. D. G. G. xlii. (1890), p. 557. 

^ On the distribution of the Cephalopods in the Upper Cretaceous rocks of north Germany, 
see C. Schliiter, Z. D. 0. G. xxviii. p. 457, where the formations are grouped in palasonto- 
logical zones [Geol. Mag. 1877, p. 169), and Palmontographica, xxiv. pp. 123-263, 1876. 
For the Inocerami, Z. D. G. G. xxxix. p. 735 ; Echinids, ante, p. 1168. For the lithological 
facies of the Saxon Cretaceous formations, see W. Petrascheck, Isis, Dresden, 1899, Heft. ii. 
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marls (Planer), which traced southward are replaced in Saxony and Bohemia by 
glauconitic sandstones (Unter-Quader) and limestone (Unfcer-Planerkalk). The lowest 
parts of the formation in the Saxon, Bohemian, and Moravian areas are marked by the 
occurrence in them of clays, shales, and even thin seams of coal (Pfianzen-Quader), con- 
taining abundant remains of a terrestrial vegetation which possesses great interest, as 
it contains the oldest known European forms of hard- wood trees (willow, ash, elm, laurel, 
&c.). The Turoniaii beds, traced eastwards, from their chalky and marly condition in 
the Anglo-Parisian Cretaceous basin, change in character, until in Saxony and Bohemia 
they consist of massive sandstones (Mittel-Quader) with limestones and marls (Mittel- 
Planer). In these strata, the occurrence of such fossils as Inoceramus labiatus, I. 
JBrongniarti, Pa chy discus peraonplus, Scaphites Gemitzii, Spondylus spinosus, Terehratnla 
semiglobosa, &c. , shows their relation to the Turonian stage of the west. The S e n o n i a n ^ 
stage j^resents a yet more extraordinary variation in its eastern prolongation. The soft 
upper Chalk of England, France, and Belgimn, traced into Westphalia, passes into sands, 
sandstones, and calcareous marls, the sandy strata increasing southwards till they assume 
the gigantic dimensions which they present in the gorge of the Elbe and throughout the 
jiicturesque region known as Saxon Switzerland (Ober-Quader).‘^ The horizon of these 
strata is well shown by such fossils as Actinocamax qxiadmtiis^ Belcmnitella mneronata, 
Nautilus danicus, Marsupites Ustudiuarius, Bourguetiermus ellipticm^ Crania ignaber- 
gensis, kc. 

At Aix-la-Chapelle an exceedingly interesting development of Upper Cretaceous 
rocks has been found. These strata, referable to the Senonian stage, consist of a lower 
group of sands with Jnoceramus lobatus, Actinocamax quadratics, and abundant remains 
of terrestrial vegetation (p. 1165),^ and an upper group of marl and marly chalk with 
BeUmnitella mucronata, Ostrea vesicularis, Crania ignabergensis, Mosasaurus, Sue. 

Switzerland and the Chain of the Alps.^ — In the Jura, and especially round Neuch^tel, 
the Neocomian stage is tyiucally developed. Its name and those of its two sub-stages 
have been taken from localities in that region where they are best seen (p. 1196). 
(1) Valanginian— a group of limestones and marls (150-400 feet) with Echinospatagus 
{Toxaster) Campicliei, Py gurus rostratus, Strombus Sautieri (Natica Le-viathan), Nerinsea 
giganUa, Cidaris hirsuta, Belemnites pistilliformis, B. dilatatus, Oxynoticeras gevriliammi, 
&c. ; (2) Hauterivian — a mass of blue marls surmounted by yellowish limestones, the 
whole having a thickness that varies up to more than 300 feet ; Echinospatagus [Toxaster) 
complanatus, Ostrea Couloni, Neithea [Janira) atava, Perna Mulleti, Nautilus pseudo- 

^ The Senonian stage of N.W. Germany has recently been more specially studied with 
reference to its palaeontological zones. The Lower Senonian is marked by the abundance of 
Actinocamax [Beleminitdla), with A. westfalicus in the lower part, A. granulatus in the 
middle, and A. quadratus at the top. The Upper Senonian is subdivided into two stages, 
of which the lower is characterised by Belemnitdla mucronata, while the upper (without 
BeUmnitella) is regarded as equivalent to the. Danian of Denmark. E. Stolley, Archiv. 
Anthrop. Qeol. Schleswig -Holst. 1897, ii. p. 271 ; G. Miiller, Zeitsch. Pralct. Geol. 1900, p. 
397 ; D. G. G. 1900, p. 38. 

- G. Maas [Z. JD. G. G. li. (1899), p. 243) describes the Lower Chalk of the sub-hercynian 
Quadersandsteiu. 

3 For a list of these plants see H. von Dechen, ‘ Geol. Palaont. tfbersicht der Rhein- 
provinz,’ &c. 1884, p. 427. 

Studer’s ‘Geologic der Schweiz.’ Giimhel, ‘ Geognostiche Beschreib. Bayer. Alpen,’ 
vol. i. p. 517 et seq. ; * Geognostische Beschreib. des Ostbayer. Grenzegebirg. ’ 1868, p. 697. 
Jules Marcou, M^m. Soc. Geol. France (2), iii. P. de Loriol, * Invertebr4s de Flotage 
N^ocomien moyen du Mt. Saleve,’ Geneva, 1861. Renevier, B. S. G. F. (3) iii. A. Favre, 
ibid. The Maps and Memoirs in the Beitrdge z. Geol. Earte der Schweitz, especially the work 
of Mosch, Baltzer, and Burckhardt. Von Hauer’s ‘Die Geologic der Oesterr. Ungar. Monarchie, 
1878, p. 505 et seq. E. Fraas, ‘Scenerie der Alpen.’ 
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elega7is, HopUtes mdiatus, R. Icopoldimts, OUost&pTumm [Astieria) astierianus, BeUmnites 
pistilliformis, B, dilatatus, &c. The Aptian and Albian stages (Gault) are recognisable 
in a thin band of greenish sandstone and marls which have long been known for their 
numerous fossils (Perte du Rhone, St. Croix). 

In the Alpine region, the Neocomian formation is represented by several hundred 
feet of marls and limestones, which form a conspicuous band in the mountainous range 
separating Berne from Wallis, and thence into eastern Switzerland and the Austrian 
Alps (Spatangenkalk). Some of these massive limestones are full of hippurites of the 
Gaprina group (Caprotinenkalk, with Requienia {Toucctsia) Lonsdalei, Radiolites 
oieocomiensis, &;c.), others abound in polyzoa (Bryozoenkalk), others in foraminifera 
(Orbitolitenkalk). The Aptian and the Albian stages traceable in the Swiss Jura can 
also be followed into the Alps of Savoy. In the Vorarlberg and Bavarian Alps their 
place is taken by calcareous glauconite beds and the Turrilite greensand {T. Bergeri) ; 
but in the eastern Alps they have not been recognised. The lowest portions of the 
massive Gaprotina limestone (Schrattenkalk) are believed to be Neocomian, but the 
higher parts are Upper Cretaceous. 

One of the most remarkable formations of the Alpine regions is the enormous mass 
of sandstone which, under the name of Flysch and Vienna Sandstone, stretches from 
the south-west of Switzerland through the northern zone of the mountains to the plains 
of the Danube at Vienna, and thence into the Carpathians.^ Fossils are exceedingly 
rare in this rock, the most frecLuent being fucoids, which afford no clue to the geological 
age of their enclosing strata. That the older portions in the eastern Alps are Cretaceous, 
however, is indicated by the occurrence in them of occasional Inocerami, and by their 
interstratification with true Reocomian limestone (Aptychenkalk). The definite sub- 
divisions of the Anglo-Parisian Upper Cretaceous rocks cannot be applied to the structure 
of the Alps, where the formations are of a massive and usually calcareous nature. In 
the Vorarlberg, they consist of massive limestones (Seewenkalk) and marls (Seewen- 
mergel), with Acanthocems Mantell% TurriUtes costatus, Inocemmus striatus, Rolaster 
carinatus, Ac. In the north-eastern Alps, they present the remarkable facies of the 
Gosau beds, which consist of a variable arid locally developed group of marine marls, 
sandstones, and limestones, with occasional intercalations of coal -bearing fresh -water 
beds. These strata rest unconfonnably on all rocks more ancient than themselves, 
even on older Cretaceous groups. They have yielded about 500 species of fossils, of 
which only about 120 are found outside the Alpine region, chiefly in Turonian, partly 
in Senonian strata. Much discussion and a copious literature has been devoted to 
the history of these deposits. ^ The loosely imbedded shells suggested a Tertiary age 
for the strata ; but their banks of corals, sheets of orbitolite- and hippurite-limestone 
and beds of marl with Ammonites, Inocerami, and other truly Cretaceous forms, have 
left no doubt as to their really Upper Cretaceous age. Among their subdivisions, the 
zone of Hippurites comu-vaccinum is recognisable. They probably represent the upper 
part of the Turonian and the whole of the Senonian stages. From some lacustrine beds 
of this age, near Wiener Neustadt, a large collection of reptilian remains has been 

^ See K. M. Paul, *‘Der Wienerwalcl : Eiii Beitrag zur Kenntniss der nordalpinen 
Flyschbildungen,” Jahrl. k, k. Geol. Reichst. 1898, pp. 53-178. 

2 See among otter memoirs, Sedgwick and Murchison, Trans. (Jeol. Soc. 2nd ser. iii. 
Reuss, Denkschrift. Almd. Wien, vii. 1 ; Sitzh. Akad. Wien, xi. 882. Stoliezka, Sitzh. 
Akad. Wien, xxviii. 482 ; Iii. 1. Zekeli, Ahhandl. Geol. Reichsanst. Wien, i. 1 (Gasteropods). 
F. von Hauer, Sitzb. Akad. Wien, liii. 390 (Cephalopods) ; * Palffiont. Oesterreich,’ i. 7 ; 
‘Geologie,’ p. 516. Zittel, Denkschrift. Akad. Wien, xxiv. 105; xxv. 77 (Bivalves). 
Biinzel, Ahhandl. Geol. Reichsanst. v. 1. Giimbel, ‘ Geognostische Beschreib. Bayerisch. 
Alpen,’ 1861, p. 517 et seq. Redtenbacher, Ahhandl. Geol. Reichsanst. v. (Cephalopods). 
Tausch, Verhandl. k. k. Geol. ReichsoMst. 1886, p. 180. H. Kynaston, Q. J. G. S. 1. 
(1894), p. 120. 
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obtained, including dciiiosaurs, cdudoiiiaiiH, a (a'oc^odilc, a lizard, and a {jtcrodactyb* 
ill all fourteeu genera and (dgliteen species. * I’rolialdy more or less e(pnvalent to tln- 
(rosau beds are the massive hi})i)nrite-limeston(‘H and certain marls, containing 
niUlla frmrrovMa, JC(lmoc()riis ru/f/irris, of tlie Salzka,niniergut and Bavarian Alps.’’ 
The Upper Cretaceous rocks of the. south -eastcuTi Al]is arc distinguished by their 
hippurite-limcstones (Rudistcnkalk j with sludls of the Hippurifes a, ml Jltftlio/itcH gnmp?% 
while the Lower Cretaceous limestones are marked by tho.se of the. (Japrina group. 
They form rang(‘.s of bare white*, rocky, tn'clcss mountains, perforati'd with tunnels ami 
pas.sagcs (Dolinen, ]>. 477). In tlu^ soutlunm Alps whih* a.nd reddish limestones (ScagHa, 
have a wide extension. 

Basin of the Mediterranean. Tln^ southern ty]>e. of the Cretaceous KyHtem attains 
a great development on both sides of the Mediterranean basin. 'I'lie liijipurit*^ iVttpro^ 
tiv(() limestones of Southern Fram*c and the Alps.an^ prolonged througli Italy into Creccc, 
whoiiec they range into Asia Minor and into Asia. Cretaceous formations of the same 
tyj)e appear likewise in Portugal, Spain, and Sicily, and (U)vcr a va.st anui in the north 
of Africa. The Portuguese rejircsentation of the system at the. (*xtrerne wiist of the 
re.gion ])resents some iui:(3r(^sting hiatures, especially in the evi<h*nce for tin* alternation 
of marine and estuarine or tluviatile deposits during Cretaceous time, and in the light 
whiidi it casts on the Cretaceous (lora. Tin*, marine strata anj there sutlicii-ntly well 
developed to enable tliem to be paralhded with the su(;eeKsiv(3 formations of central and 
northern Europe. In the: region of Jnshon and Bellas, from the hasi? of the Neoe<»miaii 
series upwards, HiKUtcHsivo liorizous of jdaiit-bearing strata are nuft with in a .HcrieH 
of strata with distinctively marimi fossils. Thus Cpi'luptc.riH imuht riaUi i.s found at the 
very basi*. of the series and terrestrial plants (of whiidi eighty-eiglit spj/eie.s are known j, 
continue tliroughout tln^ Valanginian sub-stage but with intercalatitJiiH of miirint.! 
shells. In Hauterivian tinui the ,sca had estahlished its(df oven* the area, as is shown by 
a. mass of limestones and marls, r»0 to lot) feet thick, with dsirnt Conlonl X'Athru 
{%f((.nim) atdva, OlcoHUphunuK (AsHfria) K.HiirrhmuH. Th(^ Urgonian stage is niarim: in 
the lower part, hut glasses up into the sandstomt series of Alniargem, which ahmind in 
remains of terrestrial veg(3tatiou, but imdude a rnarim^ band in their (a*ntre which aj>pr*ar.H 
to mark tho Ai)tian part of the Lower ( ’retaeeous series. This llora among its ahiuidiint 
ferns, cyeads, and conifers ineludcH some primitive, tyites of ungiosperms {Pntftrrhipin^ 
Ch(tn.(j(tniier(i, YmcUi'Sj Molirlnn), The e(juivalentH of tin* Alhian and 

possibly the lower part of the (Nmomanian grouj) (Ihdlasian of (liodat) are again marked 
by the altijrnation of marine bamls among idhers full of land-plants. 1 oward.H thc^ liase 
of this stage PUtmiUmrm Uhliiji and Rrh/a’nhurhitt injlttta iraHtrdhf) ai’e found, wliile 
liighor up come Polycunites Vt-rmull Horiopleunt Lambnii, ami Kjuxjym pHtndth 
afrimna. The flora shows an increasingly modern aspect by the. a{)peariuier of 47 Hpeeies 
of dicotyledoiiH, some of whie.h belong to genera familiar among th(3 living plant s of 
to-day {Sama/ms, EimatyptiiH^ LaitruH^ Myrim)A The lower part, of tin* iknlugiiese 
Oenomanian strata consists of sandstone.s, still charged with ternjstrial plants. Thi^e 
are anoceeded liy limoHtonc?s with marine shells and other fossils {(khra Jiabf/iufn^ 
Mxogyta jmudo’-cffrica/na, Uorinplttura Larnherli, Xrohhilnnj Almdhia^ IhmtillfJct'rfis 
navicularG). The Turonian stage is fully represeiitetl at the mouth of the Momlego, 
whore it consists of a series of thoroughly marine limoKtone.s {MaumikH UtH’heJtritnci ^ 
Inomm/mm labiatm, PaehydiscuH, Admonnlldj kv..). Thc^ Portuguosi* Henonian series, 
again, presents two distinct facies. In tho more westerly region the; strata consist of 

1 Beeley. Q. J. (P S. 1881, p. 620. 

GUmbel gives a table of correlations for the European Cretfuieoiw rocks with those of 
Bavariai ‘Gec^nost. Bischreib* Ostbayer. Grenzgeh.’ pp. 700, 701. 

^ On the Lower OVetaeeous 6ora of Portugal I)e Haporta, CmnpL reMd, evi. f iSBS), p. 
1500 ; oxi. (1800) and oxiii. (1891). W. M. Fontaine, Mo7ioyraph xv, U.S. (L S. L. F. 
.Ward, 16# /Im Mep, U.B, (P S, (1896), p. 510. 
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sandstones, which are quite marine. The presence in them of Eoplites Marroti indicates 
that they belong to the highest part of the Cretaceous system, though unfortunately 
their relations to the Turonian series cannot be seen. Neither has any representative of 
them been found in the fluvio-marine gi’oup which elsewhere appears to represent part 
at least of the Senonian stage. This group of green and red marls and fine sandstones 
contains fresh-w’^ater or estuarine shells {Cyrena, Hydrobia, Mytilus)^ a rich flora including 
dicotyledons, a number of fishes {Clupea^ Teleosteus) with Megalosmirus, Crocodilus, and 
Chelone^ 

On the southern side of the Mediterranean basin the Cretaceous system spreads over 
wide tracts of Northern Africa. In the desert region south of Algiers, where it extends 
in broad plateaux with sinuous lines of terraced escarpment, the various subdivisions 
from the Neocomian up through the other Lower Cretaceous formations into the upper 
part of the system have been recognised, perhaps including even the Danian stage. An 
important member of the system forms the upper part of the “Nubian Sandstone’' 
which plays so important a part in the scenery of north-eastern Africa. This formation 
extends into Syria and is found in the Lebanos, where it attains a thickness of sometimes 
1600 feet, and has been regarded as probably of Albian age.^ Higher up come the shales, 
probably Turonian, from which, in that region, so large an assemblage of fossil fishes has 
been obtained. 

Enssia. — The Cretaceous formations, which are well developed in the range of the 
Carpathian mountains, sink below the Tertiary deposits in the plains of the Dniester, 
and rise again over a vast region drained by the Donetz and the Don. They have been 
studied in central and eastern Russia by the officers of the Russian Geological Survey, 
who have pointed out the remarkable resemblance between their organic remains and 
those of the Anglo-French region. There is in particular a close parallelism between 
them and the English Speeton Clay in their intimate relationship to the Jurassic 
system below. The Yolgian group already (p. 1157) referred to is succeeded by typical 
Neocomian deposits, which are well developed in the district of Simbirsk along the 
Volga, where they consist of dark clays with sandy layers and phosphatic concretions, 
divisible into tliree horizons. The lowest of these yields pyritous ammonites, especially 
OUo8tephimxis versicolor, 0. inversus, also Belemnitcs pseudo ’pamlericmms, Astarte 
porrecta. The middle zone contains septaria enclosing Olcostephcmus {SimhirsMtes) 
Deeheni, umbonatus, progrediens, fasciatofcdcatus, discofalcatus, Barhoti, Inocercmius 
aucella, Bhyoichonella ohliterata. The highest zone is almost unfossiliferous near 
Simbirsk, but its lower layers yield Pecten cnissitesta. Deposits of the same type as the 
Anglo-French Aptian are well developed in the governments of Simbirsk and Saratov, 
and are characterised by Hopliles Deshayesi and Amallhexts bicxtrvatxLS. The Albian 
or Gault, which is found in the government of Moscow, and may eventually be traced 
over a wide area, has yielded a number of ammonites, especially of the genus Hoplites 
(AT. dentatus, talitziunm, Bexinettise, Engersi, Tethydis, jachromensis, Dutemplei, 
Desmoccras Bexedanti). This stage is well developed in the Caucasus, Transcaucasia, 
and the trans-Caspian region. In the chief Russian Cretaceous area the Cenomanian 
stage begins with dark clay closely related to the underlying Jurassic series, frbm the 
denudation and rearrangement of which it may have been derived. The clay shades 
upward into sandy, glauconitic, and phosphatic deposits, wdiich gradually assume the 

1 P. Choffat, Gomxnunic. Coimnissiou. Trabal. Geol. Portugal, ii. Fasc. ii. ; ‘Receuil de 
Monographies Stratigraphiques sur le sy.steme Cretace,’ Service. Geol. Portugal, Part ii. 1900, 
and ‘ La Faune Cratacique du Portugal,’ vol. i. parts i.-iv. 1902. 

2 Coquaiid, ‘Description gaol, et paleontol. de la region sud de la province de Con- 
stantin,’ 1862 ; Rolland, B. S. G, F. (3) ix. p. 508 ; Peron, op. ait. p. 436 ; this author has 
published a valuable memoir on the Geology of Algeria, with a full bibliography, Ann. 
Sciences Qiol. 1883 ; Zittel, ‘Beitriige ziir Geologie der Liby^chen Wiiste,’ 1883. 

^ Diener, Z. I). U. G, xxxix. p. 314. * 
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condition of chalky marls. Tliese Cenomanian strata appear to have a vide extent at the 
base of the Upper Cretaceous formations of Central Russia. They contain mnncroiiH 
remains of fishes {Bychodus, Lornna, Odmitaspis, (Modus) with hones of ielithyosaurH and 
plesiosaurs. Ammonites are rare, bat Hchluinhiichia 'octrimis occurs, also Jiidnonmur 
■plcnus, Exogym hcdiotidru, E. conica, Ostrm liippopodimu, Neithea {Janira) f/uinqo^ 
costata, Eectcn lammosus, llhynchonella nudformis, &c. Turonian strata have likewise 
been found over a wide tract in Central Russia. The lower hands with iiummimim 
(/. Tussiensis^ lahiatus, Broiupdctrli, lohatus aff.) al)undant BdeinmteJht and (intrm. 
vcsicularis are of constant occurrence in the Cretaceous region of Central RuHsia. In 
that area, however, the Senonian and higher Cretaceous stages are not well develcpcal, 
though they assume greater importance in the southern part of the Kni]>ire.* 

Denmark. — The Danian stage receives it.s name from its typical development in 
the east of Denmark. Its lower portion or Faxoe Chalk is a hard yellowish limcHlone 
full of bryozoa with Nautilus danicus, TomnocUlarw^ iMyroddaris^ I/oladr.i% Bnmti- 
pneustes, Oortillium BachL Its up])er division or Saltholm limostoiic is anf)ther (;ornpacd. 
kind of chalk with Hints containing Nautilus danicus, B(wulitcs Faujasiy Brlcninifdla 
mucnmatcij Ostrea vesicular is, TerebraitUa caniva, Echinocorys {A^jumchgtrs) snlrafus. 
This rock has been found by boring and well-sinking to covesr a wid({ tract around 
Copenhagen under the glacial Drift. It is in }>laccs overlain by a fosHilifcrouH grcH*!!- 
sand.^ 

Scandinavia. — The districts of Mahiiii, Ystad, and Christianstad in the south of 
Sweden present an interesting development of the Senonian and Danian stages. The 
Lower Senonian marls contain Adinocamax rcnis, A. 'locstplutlicus and JnoerramuH 
cardissoides. The Upper Senonian beds, consi.sting in the lower part of limestom^H and 
conglomerate, are marked by the presence of Acihiocavuix ma^winillalus, PrHrn septnu’ 
pUcatus, Ostrea acutirostris, while the higher part, comi>os(.*d at Malnn'l of Hof't chalk 
and elsewhere- of sandstone and limestone, yields Bdemnikdla m.H.cronat(f, Eddnm’mpB 
(Ananchytes) ovatus, Terebratula. amiea and other characteristic fosnilN. I’lni higlitwt 
member of the series repre.senting the Danian stage conUimn Edimocorys {Awtndujtes) 
sulcatus, Terebratula lens, JJnmim rugosa, koA ''J'he rcrnaiiiH of a bird iSranmnun 
Lundgreni) have been obtained from the Saltholm Limestone near Malmii.** 

Arctic Regions. — The Cretaceous system has been found to extend even as far north 
as Lat. 79” into Spitzborgen and King Cliarles Land. On the latter i.s]ands ProfesHor 
Nath orst has found, underneath the overlying basalt plateau, strata which lie he.lieveH 
to be of Neocomian age containing Aucella Keyserliwji and remaiiiH of plants.^ Again, 
on the west coast of Greenland, between the jiarallclR of 70” and 71” N., a thick masif of 
strata underlying the basalts appears to be divisible into three groups, of which the 

^ Nikitin, ‘Les Vestiges de la periode Cretacf*© dans la Russie centrale,’ Mrm. Ohh. (hvL 
Musse, V. No. 2 >(1888), p. 165. W. F. Hume, GeoL Mag. 1892, p. 385. 

C. Schlllter {Z. JJ. (J. (L xlix. (1897), pi). 38, 889) gives an account of the Cretacemw 
succession in the Baltic with a bibliography of the subject, and descriptioim of a nunilwr of 
new urchins from the region. K. Eurdam, “ Kridt formationeii i Hjadand,” iMmmurks (JeaL 
Undersog, 1897, describes the White Chalk (uppermost Senonian), the Saltholm Limestone 
and the greensand, above mentioned, containing gasteropods, lamellihranchs, &c., which is 
the youngest member of the Cretaceous series in Denmark. Another important recent con- 
tribution to the Cretaceous palasontology of the Baltic region is that by J. Ravn, 
“ Molluskerne i Danmarks Kridtaflej ringer,” K. JJamJe. Vidensk. Helsk. Skrifi. xi. (1002) 
parts 2 and 4. 

^ B. Lundgren, Univerdtets Ariskrift. Lund. xxiv. (1888) ; GeoL Fonn. Btockhalm, xi. 
(1889), p. 63. H. Munthe, xviii. (1896), p. 21. A. Hennig. xx. (1898), p. 79 ; xxL (1809), 
pp. 19-82, 133-188. J. C. Molierg. Neues Jahrh. ii. (1894), p, 69. 

, ^ W. Dames, Bihang. Svensk. Vet. Akad, Ihmdl. xvL (1890). 

® GeoL FUren. Stockholm, xxiii. (1901), p, 341. 
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."^Xvest or Kome series has yielded a remarkable assemblage of fossil plants, including 
Me To%mlus primmva, which was long believed to be the oldest dicotyledon. The 
^*^nts comprise Gleichenico (several species), As^lenium, Tecopteris^ Zamites, Nilssoma, 
^^uoia, Pinus. In the next or Atane series dicotyledons outnumber the ferns, cycads, 
^^<3. conifers. They belong to species of Populus, Platanus, Eedera, Ficus, Cassia, Lauries, 
^'U^ercus, &c. Among the plant-hearing strata certain shales occur hearing a marine 
.^^Xana {Pccten, Area, Nuculana, Liicina, Cuspidaria, Dentalium, &e.), which appears to 
^ of Upper Cretaceous age. This horizon may perhaps be paralleled with the Amboy 
^iays of the United States. The Patoot series contains a younger flora, which indicates 
transition .towards a Tertiary facies. It includes species of Gleiclienia, Aspidiurn, 
'^^^iioia, Arundo, Platanus, Quercus, Viburnum, Phamnits, &c., and with it are 
^^sociated hands containing marine fossils {Hemiaster, Avicula, Dentalium, &;c.).^ 

India. — The hippurite limestone of south-eastern Europe is prolonged into Asia 
'^l^inor, and occupies a vast area in Persia. It has been detected here and there among 
Himalaya Mountains in fragmentary outliers. Southward of these marine strata, 
"^^liere appears to have existed in Cretaceous times a wide tract of land, corresponding 
the whole with the present area of the Indian peninsula, but possibly stretching 
^0\ith- westwards so as to unite with Africa. On the south-eastern side of this area 
"tile Cretaceous sea extended and deposited a succession of strata which have been 
I'Xa.ralleled with the European Upper Cretaceous formations, and have been divided into 
following groups in ascending order : (1) Utatur group, containing at its base large 
asses of coral-reef limestone and yielding no less than 300 species of invertebrates, 
^xiore than 100 of these being cephalopods, of which 27 are known to occur in Europe 
elsewhere out of India. Some of these are Neocomian species, but the general 
^liaracter of the fossils indicates that this group may be equivalent to the Cenomanian 
Tories of Europe. (2) The Trichinopoli group, composed of sands, clays, limestones 
conglomerates lying unconforrnably on the first group. The fossils are here not 
numerous as in the beds below, and the cephalopods are much diminished in 
^nmber. The group appears to represent the European Turonian stage. (3) The 
-A.riyalur group, the most highly fossiliferous of the three divisions. Here gasteropods 
^'^place cephalopods, the Cypneidee and Volutidae being specially prominent. The 
JJresence of Nautilus danicus points to the position of this group at the top of the 
system. Similar strata appear on tlie African coast in Hatal, where they are capable of 
X>a,l{eontological subdivision into three zones like those of India, and contain many of 
■fclxe same species of fossils. The most remarkable episode of Cretaceous times in the 
Iiidian area was undoubtedly the colossal outj)ouring of the Deccan basalts (p. 346). 
'H^liese rocks, as already remarked, in horizontal or nearly horizontal sheets, attain a vertical 
■fcliickness of from 4000 to 6000 feet or more, and cover an area of at least 200,000 square 
miles, though their limits have no doubt been reduced by denudation. Their oldest 
piortions lie .slightly unconforrnably on Cenomanian rocks, and in some places appear to 
l>e regularly interstrati fled with the uppermost Cretaceous strata. The occurrence of 
jfresh- water mollusks {Physa, Viviparus, Unio, Corbicula), lands-xdants, and insects, both 
ill. the lowest and highest parts of the volcanic series, proves that the lavas must have 
Ijeen subaerial. This is one of the most gigantic outpourings of volcanic matter in the 
•world. ^ 

Japan. — The labours of the active Geological Survey of Japan have brought to light 
SL remarkably full development of the Cretaceous system in that country, and have 


1 Heer, ‘ Flora Fossilis Arctica ’ ; De Saporta, ‘ Le Monde des Plantes ’ ; D. White and 
O- Schuchert, Jkdl. Oeol. Soc. Amer. ix. (1898), p. 343. 

F. Kossmat, Jahrh. k. k. Oeol. Reichsanst. xliv. (1894), p. 463 ; R. B. Newton, Pourn. 
C^*auchology, viii. (1896), p. 136. 

^ Medlicott and Blanford, ‘ Geology of India,’ 2nd edit, by R. D. Oldham, chaps, x. 
^iid xi. See also F. Stoliezka, Palteontograph. Indica, ser. i. in. v. vi. and viii. (1861-1873). 
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supplied the means of eoiupariiig tlie faunas and floras of that system on tin* oppr»Hitf 
sides of tlie ^o’eat Pucifie l)asin. At the ])as<i li(‘s a liinestone (TorinoHu) (‘ontainiiijL^ a 
rich fauna of fonuuinifera, eorals, bryozoa, e.eliinoids, lamollibranchs, and .*{aHterop»jds, 
wliile in soiue pL'ua's it iiKiludes intercalated jdant-hcds witli ZitmlopIniHu 
]^od(K:aiiiiUiH. It is regarded as j)r()l)aldy N(!(»(a)niian. Tln^ Ityostfki scries is dis- 
tiniL(uislie(l by its varied and alaindant flora, (tonsistin^ of ferns, lyco{>od.s, cycads, and 
conifers, niiiiiy of the spe(!i(^s bein^ found in the. Cretaceous s(!rit*.H of Iiafia, Kurope, tin* 
Potoinae formation of America and the Konn^ beds of (Jreenland. Xo dicotyIc«ionH arc 
riaiorded in the ])id)lislied list. The Izuini sandstones t,*ontain botli marine slndls and 
land-plants. Amoiif^ the fornujr anj species of /'/o7/y/d/.svnov, A iiimtrntHy Mdt'rtm'nph iit n, 
Phif/J.or.mfs, JJduLitcs, JM hnecraH^ hioa’rdniux^ Aviniltf, and Triijiuiin jKirilliJ'nfini'A, 
\vhi(di is tin*, most e’naracrteristic fossil of the whoha Th<! plants iindudc .spcci»‘.H of 
Arimdo^ AidU\ QurrcUH^ Etfr/iis^ (HmiUdioiHttm. SnintAtt, Perhaps of the 

sann*. a|(e as these sandstoin^s is the important Hokkjudo series, whiidi couHistH of Hand- 
stoiKis, eon^^donierates, and shales with plant-l»earino shales and eoal-seanis at fhr* top. 
The middle and lower parts of this series have. furnislnMl a lar|'(* assmubbiKe of foHHils, 
iindinlin^ nine spesdes of JJrs/aocdras, twelve (d‘ IPvniUcH^ eioht of Lijhu’t eioht 
of PachydismSf to^e-tln*!* witli sevivral speities of! A/u'sorf rffs, AmnAiorcras, f ilt'dHtt'phd tm-s 
^mpkdcH^ and Crwcrran. A nmnlau’ of tin; or|.(aniHmH are Hpeeifii’ally idetiiieal uith 
those found at Trieliinopoli ami other Cretaceous localities of India. d*he formation 
may riija-esent the Middle and Ujipor Cndaeeous .s<iries of Kurope. ’ 

North America.- -"Tin! Cretaceous systt.m .stretidies over a vast portion of the 
American (jontinent, and sonndinies reacdies an enormous thiekmw, Spariiif^ly 
dcv(d(>[)ed in tint eastern States, it runs as a ledt from Lonji' Island aerosn New 
Jers(ty, Delawanj, and Maryland into Virginia. It spreads out over a wiile area in tln^ 
south, stnttehiug round the end of tint lon^ Pahi'ozoie ridge fVmn Ceorgia thimigh 
Alabama and Titnintssect to tint Ohio ; and n-appearing from under the Terliary 
formations on tint west side of tin*. Mississippi ovitr a largct spacte in Ti'xan and the 
Houtb-wesf . Its greatest- devitlopment is reaelied in tint Westetm States and Territories 
of tint b,o(!ky Mountain region, Wyoming, Utah, ami C(d(»radti, whence it lanyes 
iiortbwani into Pritish Ainenea, (tovering tbousand.s of stpiare mi!«‘S of the prairie 
c-ouniry Inttween Manitoba ami the Rocky Mountains, ami stre.ttdting westwards even 
as far as (^,ue(tn Charl(»tte Islands, where it is well develojied. It has a prodigioUH 
northward extension, for it has been deteebsl in Anttic. Amoric.a intar the mouth «»r tlie 
Mackenzie River. 

The eastern belt, which runs from Long Island “into Virginia, is full of geological 
interest, and lias given rise to jirolongcnl disemsHion. It is divisibbi broadly into two 
series, of which the older is termed Lower and tin*, younger Lpp***’ CrfdJteeous, Tlo! 
former, widely known as the Potomac formation, luis been more* particmbirly the fieltl 
of controversy, some wribtrs claiming it for the durassic system, otlmrH m conlidcnily 
asserting it to bo Uretaceous (p. 1159). Of tin? former rdass the lat*; Prori;HHor Marsh brought 
forward the most eogeut arguments based on the occun*em‘c <»f deimmauriitn reinainf-i 
having Jurassic aflinities. One .species of v-bv/m/o//. was named by Leldy, am! a number 
of other vertehratcis by Marsh (/Yeamrre/ws, Prlt'otKHhm ^ Alltmdurun^ ijtrhirun^ beMifles 
crocodiles, tortoises, fishes, and mollusks). On the other hand, the evidence of the 
Potomac flora has been confidently appeabid to as affonling an timtut‘stionabIi' proof nf 
the Cretaceous age of the strata in w'hkth it is preserved. An Important c«»iitriImtion 
to this controversy has been rectently made by Professor W. ll Clark and Mr. A. 

^ Outlines of the Geology of Japan,’ by the Imperial GeoL Survey of Japan. Tokyf», 
1900, p. 59. 

The CretaceouH plant-bearing strata of Long Island have lH*en descriheii by A. Hollir.k. 
Trans. Mw York Acad. Sci. xii. (1893), pp. 189, 222; xiii. ( 189 - 1 ), pp. 8, 122 ; JML 
Torrey Botan. Chih.xxi, 1894. 
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Bibbins, who have clearly shown that the so-called Potomac formation really consists 
of a series of formations quite distinct from each other, lithologically, stratigraphically, 
and palfBontologically. They maintain that a marked line of division can be drawn 
above which the vertebrate remains have never been found, and below which the 
dicotyledonous flora never descends. They are disposed to class the formations below 
that line (which they name the Patuxent and Arundel groups) as probably J urassic, 
but they regard those which lie above the line as undoubtedly Lower Cretaceous. 
These latter they reckon as two in number. The lower, or Patapsco, consists of highly 
coloured and variegated clays and sands, some of which are full of leaf-impressions, the 
thickness of the whole ranging up to fully 200 feet. These strata lie with a marked 
unconformability on the Arundel group underneath. Their fossils include a few poorly 
preserved mollusca, but consist mainly of land-plants, ferns, cycads, conifers, monocoty- 
ledons and dicotyledons. Higher up comes the Earitau formation, which is also composed 
of sands and clays, with beds of brown earthy lignite, and in Central Maryland reaches 
a thickness of nearly 500 feet. Its fossils likewise consist mainly of land-plants, the 
dicotyledons showing a markedly more modern aspect than those of the Patapsco beds 
below. ^ 

The flora of the Potomac series has been carefully studied by the ablest palaeo- 
l:)otanists of America.^ A census published in 1896 gave the total number of species 
then known as 737, which have been obtained from five distinct horizons.-*^ The 
dicotyledons numbered nearly half of the whole. Those found in the older part 
of the formation have a primitive character {Ficojpliylluni, Protemphyllum, Rogcrsia, 
SalicApTiylhmi, Vitiphyll%vn'C). The others include species of Andromeda, Aralia, 
Cinnamommm, Eucalyptus^ Ficus, Hedera, Ilex, Juglans, Lauriis, Magnolia, Myricci, 
Platanus, Qitcrcus, llliamnus, Salix, Sap Indus, Sassafras, Vihu7'nmn. Some of the 
plants are identical with species found in the Lower Cretaceous series of England, 
Germany, and Portugal. 

The Upper Cretaceous formations of the same eastern belt lie transgressively upon 
the Lower series. They are arranged as follows in ascending order: — (1) Matawan, 
composed chiefly of sands and clays, about 400 feet thick in New Jersey, but 
gradually thinning southwards until tow^ards the Potomac River they disappear. These 
strata have furnished a considerable number of shells of thoroughly marine character, 
including Flacenticeras placenta, *ScapMtes nodosus, Baculites ovaii.es, and species of 
Pi/7'opsis, Gyrodes, Scalar La, Tui’ritella, Dentalium, Ostrea, Gryphma, Inoccranius, Orassa- 
tella, Cai'dimn, Terebratula, also Heiniaster, &c. (2) Monmouth, lying conformably on 

No. 1, and consisting chiefly of sands, ferruginous and glauconitic, which vary from 60 
to 150 feet in thickness, but disappearing in the direction of Washington. Fossils are 
here strikingly abundant and well preserved, some of the layers consisting of an aggregate 
of shells. Among them are Beleimiitella americana, Baculites ovatus. Nautilus Eehayi, 
with a large assemblage of gasteropods and lamellibranchs, as well as braehiopods, 
foraminifera, kc. (3) Rancocas, composed chiefly of greensand marls, sometimes 
highly calcareous, usually between 40 and 50 feet thick, but reaching a maximum of 
125 feet. Though less varied in species, the fossils are individually abundant. They 
comprise Sphenodiscus lentictdaris, NaiUilus Deka.yi, N. Bryani, Teredo tibialis, 

^ W. B. Clark and A. Bibbins, Journ, (Hoi. v. (1897), p. 479. 

^ See particularly W. M. Fontaine, Monograph xv. B.S. G. S. (1889) ; B. JJ.S. G. S. 
No. 145 (1896). J. S. Newberry, Monograph xxvi. U.S. (K S. (1896). L. F. Ward, Ann. 
Bep. XJ.S. (J. S. 1895 and 1896. A list of 50 species of the Cretaceous plants from 
Long Island is given by A. Hollick in his paper above cited. Professor Ward has 
subdivided the formation into six series, which in ascending order are (1) James River, (2) 
Rappahannock, (3) Mount Yemon, (4) Aquia Creek, (5) Iron Ore, (6) Alburipean (Amboy 
and Raritan). 

^ These are named in the foregoing note. 
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Eemiaster (several species), Cardiccster, Ancinchjftas, ]*seudodiadc7n((f hdlfinRf, CldfcnH^ 
Pentacrimcs, kc. (4) Manasqiiliaii, a group of higlily glauconitic grecnsandH, 50 
thick in the north, but disappearing southwards, owing to the uncoiiforniaMc overlap 
of the Tertiary formations. Its fossils are neither numerous nor vari(*d. Tln‘y mm- 
prise some lamellibraiiclis {Ostrca, Gryidiaia, Cnmatella) and a number of foramini{«!ni 
[Tcxtularia, Nodcm.ria, GlobigcTbm huUoiden)d 

The Cretaceous formations, wliich stretch as a narrow belt between th(i older 
crystalline rocks and the overlying Tertiary deposits through the Stab-s of (Georgia, 
Alabama, Mississippi, and Tennessee, display both the lower and u])per diviHioiiH ol the 
system. The lower is well developed in Alabama, where it forms the TusealooHa 
formation, about 1000 ieet thick, composed of purple, mottled and grey (days over- 
lain with variegated sands. It has yielded a number of plants, which, according to 
Professor L. F. Ward, show it to be the equivalent of the Amboy and Karitan (days 
at the top of the Potomac formation. There woxdd thus appear to he ii cjonlinuous belt 
of Jiower Cretaceous plant-bearing clays and sands from Long Island into MiHsisHipja, a 
distance of more than 1000 miles. These deposits were fornnal in shell (ued wulers 
fringing a well-wooded land-snrfa(*.e, and were cvcnitually suhimuged under the sea 
which spread westwards over the sinking land and laid down the lT})})(‘r Cndfuteous marine 
strata. 

The depression which led to the deposition of the New Jers(iy and Maryland marine 
clays and sands appears to have begun earlier, and to have been on a inorc^ (extended 
scale in the southern States. Jt brought about the accumulation of the thick |»(dagi«^ 
formations which play so large a ])art in the geology and scenery of the. region around 
the borders of the Gulf of Mexico. Thes(i formations in central Texas have a thitjkncHH 
of about 1500 feet, hut they increase) Boiith-we.HtwardH until, on the Mexican frontier, 
they reach 4000 or 5000, and are said to swell out to even three or four times that 
bulk in Mexico itself. The Texas Low'er Cretaceous deposits, sonndirncH termed the 
Comanche series, have been divided into three formations, the Trinity, KrtHlericks- 
burg, and Washita. (1) At the bottom lies the Trinity, consisting of {(t) sands 
overlain by (h) Glen Rose limestones and clays, and these by fr) the Paluxy sandH, 
This formation has yielded a number of land- plants having a general rcHeinblance 
to and in part an identity with those of the Potomac flora, though, as th(*y include 
no angiosperms, Fontaine believed that they may perhaiw be a little older. Ihit 
higher up the fossils are cluefly marine, and though eonneetiug Hp(!cies run fnmi 
one zone into another, several distinct faunas have been recognised. The Trinity 
formation is marked by the presence of Ostrea Franklini^ 7'rltfouia crenvMn^ 
Reqiiienia temna, Glauconm helvdwa. The general assemblage has a marked 
resemblance to the fauna of the Lower Cretaceous Bcries of Portugal. (2) The 
Fredericksburg fonnation, composed of (a) Walnut clays, (//) Comanche Peak LinieHtorie, 
(c) Caprina (Edwards) limestone. In the lower part of this series of strata NaticM^ 
Tylostoina, and Gryphma arc prevalent, together with echinoids {Herniadrt\ IManter, 
Jlolectypus, Pseudodiadema, Cidarin) and three important ammonites {EutjontmmM 
piedernalis, Rchloenhachia ccc,atocarinata,, and S, trmibmm). The Caprina limestone at the 
top of the formation “has an interesting and remarkable fauna, consisting larg«*ly of 
Requienia, Monopleura, Ichthyosarcolites, and other Oharnithc, with liadiolites or 
Splneriilites, Nerinea, many other gasteropods, corals, &c. The general aHsemhlitge of 
forms is very much like that in the ‘ Schrattenkalk ’ or ‘ Caprotina limestone ’ of tins 
European Urgonian, and the similarity extends to specific forniB in many cases.'* fS) 
The highest formation, termed the Washita, consists of four groups : (a) Preston Vaids, (//) 
Fort Worth limestone, (c) Denison Beds, {d) Shoal Creek limestone. Many of the 
organisms of the underlying formation recur here. Ammonoids are more abundant than 
in any other part of the series. They include Pachydisevs hrazmmB^ JlamUen 7'remmdi^ 


^ W. B. Clark, Bull. Geol. Boc. Amer. viii. (1897), pp. 815-858. 
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with a large development of the genus ScJilcenbacMa, mostly of the type of the European 
S. inflate {rostrata) and TurriliUs hrazoensis. These strata are succeeded by others, 
which, containing species of Acanthoceras and other Cenomanian types, are placed at 
the base of the Upper Cretaceous series.^ This series in Texas consists of the following 
formations in ascending order : (1) Timber Creek, coarse sandstones and some impure 
limestone {Acanthoceras, &c.), about 250 feet thick ; (2) Eagle Ford shales with layers of 
limestone and sandstone, 300 feet, containing Ostrea congesta, Exogyra columbella, 
Inoceramus exogyroides, Buchiceras Swalovi, Mortoniceras shoshmense, and probably the 
equivalent of the Benton group farther north ; (3) Austin limestone — an important 
and persistent band of light grey abundantly fossiliferous limestone, with Ostrea congesta, 
Inoceramus (several species), Nautilus elegans, Mortoniceras vespertioium, M. shoshonense, 
Baculites asper, probably representing the Niobrara group of the interior to the north ; 
(4) ‘‘Ponderosa” marls, estimated to be 1200 feet thick ; (5) Glauconite beds, 300 feet; 
(6) Laramie group with lignites. 

In Kansas the Lower Cretaceous or Comanche series, in diminished proportions, has 
been separated into two formations. The lower, termed the ‘‘Cheyenne Sandstone,” 
attains a thickness of from 40 to 70 feet, and has yielded only plant remains {Thus, 
Sassafras, Glyptostrohus, Sequoia), which point to a horizon not far from that of the 
upper clays of the Potomac series. The upper formation, called the “Kiowa 
Shales,” consists chiefly of shales from 70 to 150 feet in thickness, which have furnished 
78 species of fossils, vertebrate and invertebrate, showing marine conditions of deposit 
{Gryphsea, Exogyra, Cardium, Avic^da, Schloenbachia, &c.). Above these strata lies 
the formation known as the “Mentor (Dakota) Sandstone” of Kansas, which at its base 
has a band of brown fossiliferous sandstone with Ostrea, GerviUia, T7'igonia, and other 
shells.2 

The Black Hills of Dakota display an exceedingly interesting inlier of Archtean and 
Palseozoic rocks, round which the Mesozoic formations have been upraised. The Triassic, 
Jurassic, and Cretaceous formations follow each other in successive rings around the up- 
lifted area. The Cretaceous series, resting upon the upper Jurassic strata, has at its base 
a group of fresh-water sandstones and clays with workable coal-seams, from which nearly 
100 species of jdants have been obtained and described. While most of them are ferns, 
cycads, and conifers, they include a number of dicotyledons, among which are species 
of Que^xus, Ficophyllum, Sassafras, Flata^ius, Sapiiulopsis, Vihimiites, &c. Dr. Ward 
shows that the flora is essentially Lower Cretaceous, and he compares it with that of the 
Wealden and Neocomian formations of Europe.^ 

In the vast interior region which stretches from Kansas westward into Colorado and 
Utah and northward through Nebraska, South and North Dakota, Wyoming, and 
Montana into the western part of the British possessions, an enormous accumulation of 
Upper Cretaceous formations records a remarkable succession of geological changes on a 
grand scale. Extensive inland bodies of water received the drainage of the surrounding 
land and became the sites of thick deposits of sands, clays, and lignites, among which 
the vegetation and many of the fishes and terrestrial animals of the time have been 
preserved. A widespread depression allowed the sea to spread over these lacustrine 
areas for a time, and to leave behind a record of marine deposits. There would appear 
to have been oscillations of level leading to an alternation of salt and fresh -water 
accumulations. But eventually the lacustrine conditions were restored on a greater 
scale than ever, until a succession of lakes and alluvial river- id ains extended from 
Mexico far north into Yukon, a distance of more than 2000 miles, with a breadth of 
sometimes 400 or 500 miles. This succession of events has been chronicled in a series 


^ T. W. Stanton, Jour^i. Ueol, v. (1897), pp. 600-007. 

^ C. S. Prosser, University Geol. Survey Kansas, ii. (1897), p. 196. 
3 Lester F. Ward, 19^ A?m. Rep. U.S. <L S. 1899. 
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of geological formations which are arranged as in the subjoined table in descending 
order : — 

Livingstone Formation. — A series of sandstones, grits, conglomerates, and clays, 
largely made up of the debris of andesitic lavas and other volcanic rocks, and in- 
clnding local intercalations of volcanic agglomerates, the whole amounting to a 
thickness of 7000 feet. This formation was first separated in 1893 by Mr. W. H. 
Weed, whoshowed that it indicates an uplift and abrasionof the underlying members 
of the Cretaceous series, with a great succession of volcanic exi)losions, by which 
enormous quantities of angular lava-detritus were discharged into the lake. These 
eruptions towards the close of the Cretaceous period were the forerunners of the 
series which took place on so gigantic a scale in Tertiary time. A meagre 
niolluscaii fauna has been obtained from these strata, apparently belonging 
to brackish, fresh - water, and terrestrial species. Much more abundant and 
determinable are the land-plants found towards the base of the formation in the 
leaf-beds, which range from 600 to 2000 feet in thickness. Among these plants 
are species of Ahietites, Taxodiwn^ (Hnkgo, Phragmites, Populus, Salix, Quercus^ 
Juglans, Platanus^ Ficus, Oinnamoinum, Launis, Fraxinus, Andromeda, 
Phamnus} 

Laramie formation. — The chief coal-bearing series of the Kocky Mountains, consist- 
ing of buff and grey sandstones, with bands of dark clays and numerous coal- 
seams, containing abundant terrestrial vegetation, land and fresb-water niollusks 
( TJnio, Limnma, Planorhis, Helix, Pupa, &c.), and remains of fishes {Lepidotns), 
turtles [Trionyx, Emys, QompsemyY), and reptiles {Crocodilus, Agathaumas 
{Triceratops), &c.). Marine organisms in some intercalated strata show that the 
sea still occasionally spread over the lacustrine region. In this formation come 
the “Ceratops beds” of Wyoming, which, resting directly upon the Fox Hills 
group, consist of alternating sandstones, shales, and lignites, and are remark- 
able for the extraordinary number and wonderful preservation of the deinosanrs, 
mammals, and other forms wliicli they have yielded. 

The Laramie formation was originally termed “Ligiiitic,” and was made to in- 
clude all the vast series of lignite-bearing formations of the Western Territories. 

Its limits have now been restricted both below and above. Its lower limit is now 
placed at the top of the Pox Hills group. The Livingstone formation has been 
cut off from its upper part, so that in Montana its thickness has been reduced 
to 1000 feet. 

Montana formation. — A series of lacustrine and brackish -water deposits containing 
important coal-seams and an abundant terrestrial flora, with intercalations of 
marine bands. The flora embraces 89 forms, which include 63 species of 
dicotyledons, 10 conifers, 4 monocotyledons and some ferns, ly copods, and other 
plants.^ The formation reaches in Utah a thickness of 2800 feet. It is sub- 
divided into two gi’oups, which, however, cannot always be distinguished : — 

Fox Hills group. — Grey, rusty, and buff* sandstones, with numerous beds of coal 
and interstratifications containing a varied assemblage of marine shells {Belemni- 
tella, Hautihcs, Ammonites, Baculites, Mosasaurus, &c.). 

Port Pierre group. — Carbonaceous shales, marls, and clays, Ostrea congesta, 
Inoceramus Cripsii, var. Barahini, Avicula fbrosa, Lucina occidentalis, Ghlaonys 
nehrascensis, Baculites oratus, Scaphites nodosus. Ammonites, &c.). 

Colorado formation. — Calcareous shales and clays with a central sandy series, and, 
in the Wahsatch region, seams of coal as well as fluviatile and marine shells. 
Thickness in Kansas 340 to 380 feet, east of the Rocky Mountains 800 to 1000 
feet, but westwards in the region of the Uinta and Wahsatch Mountains 2000 
feet. This group has yielded a large marine fauna. Among its ammonoids are 
species of Helicoceras, Baculites, Buchiceras, Placenticeras, Prionocyclus, 
Pfionotropis, Mortoniceras, Scaphites, some of them being also well-known 
European ibrms, such as Nautilus elegans, Prionotropis Woolgari, Acantho- 
ceras Mantelli? The formation is subdivided into two groups : — 


^ W. H. Weed, Bull. U.S. G. S. No. 105 (1893), with appendix on the plants by F. H. 
Knowlton. 

2 F. H. Knowlton, Bull. U.S. G. S. No. 163 (1900). 

^ T. W.'Stanton, “ The Colorado Formation and its Invertebrate Fauna,” Bull. U.S. G. S. 
No. 106 (1893). 
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Niobrara group. —Chalky marls, chalk, shales, with large calcareous concretions 
and Kcatus of limestone {Baculites, Belemnites, UintacHnus, Inoc&ramus 
ih’/unnis^ I. 2i7’ohIetnatimL% Ostvea tongtsla^ RucUstes). The most interesting 
and important organic remains furnished by this group belong to vertebrates. 

From the Niobrara l)eds of Kansas have been obtained six genera of Mosasaurs 
{(JlulitstCK^ Tyl(mf,urns, Platecarpm, Holosaums^ Sironectes, Bajptosaurus) several 
H]>ecies of pterodactyle, as well as xjlesiosaurs, turtles, and above aU the toothed 
birds first <lescribed by Marsh. 

Benton grou{). — Shales, clays, and limestones] {Scajohites wct'-n'enensis, Prionotrojpis 
Waohjarl^ iMrea aniyeMa^ InoceraniMS, several species, and sometimes in great 
abundance). 

On the Bear Kivor in south-western Wyoming an important series of argillaceous 
c.alcareous shales, alternating with thin beds of sandstone, appears to occupy 
a position intermediate between the Colorado and Dakota formations, and may 
be a lacustrine representative of part of one or other or both. It has yielded a 
large iiiolluseaii fauna, belonging chiefly to fresh- water and terrestrial species, 
hut with a few brackish -water forms. Among them are species of Ostrea, 
MoiUitla, Pnio, 0<rrhicida, Auricula^ Limniva, Planorbis, Physa, P’eritina, 
/\frhprui(t. 7 ii<i, I/ydrohia, ami Vivipcmis.'^ 

Dakota formation, consisting of yellow and grey massive (probably lacustrine) 
sandstones, sometimes witli clays and seams of coal or lignite (dicotyledonous 
htave.H ill great iiuinliers, Pirns, Sassafras, Plataiius, Juglans, &c. ). In the 
Wjihsatc.h region there lies at the base a persistent and coarse conglomerate, 
sometimes 200 feid. thick. Thickness of the formation, 400 feet and upwards. 

In some phie.es tln^re are marine intercalations in this group, showing that the 
s«ui lay not far off the area of dejiosit. Thus in Kansas, the lower part of the 
formation, consisting of sandstones and shales with terrestrial plants and- seams 
of ligniti*, is overlain with saliferous and gypseous shales containing CorMcula, 
Yabiiif, <Jniss(UeMina, Tdilna, Mactra, 

Cndaoeons foniiations are largely developed along the Pacific slope, where they reach 
a great thick lie, ss in tln^ coast-ranges, and where they have undergone in some places 
much imdaiiiorjihisni.** In California a section of Cretaceous strata on Elder Creek, 
T'ehania ( ‘ouniy, gives a tliiekncBS of about 30,000 feet without any evidence of duplica- 
tion.’* This pile of HiHliment, which is known as the Shasta-Chico series, is on the whole 
of iiiarinr^ origin. It has been subdivided into three series, wdiich in ascending order are 
(1) Knoxville, (2) Horsetown and (3) Chico. The Knoxville Beds, with an apparent 
tlii<-kiieMH of 20,000 feet. coiiKist mainly of shales and shaley sandstones with calcareous 
layers. They have furnished a considerable number of ammoiioids (15 species, 
ineluding the geumra Phylloexra.% Lytocerns, Pesmoccras, Olcostephanus, Hoplites, Peri- 
Hphimirn, VrluamH), with hcleinnites, many gasteropods(J^^S5'zmc^^w, Pleurotoinaria, Titrbo, 
Jmht dnjia, (krUhlutn., AporrhaU), laiuellibranchs {Pecten, Aucdla, very abimdant, 


* i\ A. White, Bail. U,S. (r.S. No. 128 (1895). 

“ W. N. I^ogan, Kansas (ienl. Surv. ii. (1897), p. 202. 

Home dinereiiee. of <»piuion has risen as to how far the Cretaceous rocks have been 
involved in the metamorphiHin which has all^cted the Triassic and Jurassic series. Whitney 
find afterwanls Becker {Amrr. Joum. Sci. xxxi. (1886), p. 347) affirmed that they have, 
oihiTM, CHiiecially H. W. Fairbanks {Amer. (Geologist, 1892, 1893 ; Bull. Geol. Soc. Ame7\ vi. 

p 71), liave advocated the opposite opinion. There can be little donht that there 
.UH an exteimiva protnision of granitic ami other igneous material after some part at least 
Mf tfie JurasHic formations had been deposited. Mr. J. P. Smith believes that the Mariposa 
aiirifermiH Hlatiw are of JurusHic age {UulL dexE Soc. Amer. v. (1897), P* 

4 This Hcetiun waa measured and tabulated by Mr. J. 8. Diller and J. Stanley-Brown 
(BtiiL deal Ncr. dm.fr. v. (1894), p. 438), who could find no evidence of reduplication, 
tliotigh they admit that the evidence for such an almost incredible thickness is not irre- 
fragillm Even if we reduce the mas-s to half these dimemsions it remains an enormous 
mam of smlimeiitiiry material. 
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Inoceramus, JYucula, Astarte, L^lcina^ Cypriiuiy Gorbula) and braclii()]»odH {Jih ifuchcf nr /./(/, 
Terehratida). The Horsetown formation presents a somewhat similar litlioh)fcy and fauna, 
but with some differences. Ammonites are locally abundant in its lower part, thn.se 
of the genera Lytoceras and Phyllocercis being especially well represented in imlividuals.* 
The remarkably abundant AucelliB (the most characteristic fossils of the Knoxville hi'cls) 
do not ascend above the limit which ’has been taken as the liase of the Horsetown beds. 
In the higher part of this formation among the ammonoids the familiar European form 
SchlcEnbachia rostmta, another closely allied to JJonvilleiixras m((.imiiiUat lun, and a 
third, which may be Brongniart’s Demnoccms BeiidcmtL have be(‘n noted. It would thus 
seem that while the Knoxville beds are referable to the Neocoinian serif's, tin? Ilorsf'tfnvn 
include the rest of the Lower Cretaceous formations, jfossibly extemling into the u}»per 
division of the system. The Chico beds in the Elder Creek sectiotj were found on 
measurement to be 4000 feet thick. They are chiefly composed of conglonierat(!.s and 
sandstones, and have yielded a good many marine organisms. In their lowcn* l.^OO 
feet are found Dcsmoceras, AdfBOii, Anchiora, Gyrudes, TclVmu Chum(\ 

Trigonia, &c., while towards the top InoceraimiH Whitney i and Ptu'hydm'UH ntir- 
herryambu are met with.^ 

While this vast accumulation of sediments represents almost (mtirtdy tin* accumula- 
tions of the sea-floor it includes occasional platforms which liave prcH(*rved reunaiiiH of 
the terrestrial vegetation of the time. At a lieight of al>mit 8000 feet above tint base 
of the Knoxville series a plant-bed occurs from which a number of ferns and oycads have 
been collected, but no dicotyledons ai)i)ear in the list. Another hand at tin? top cd’ the 
formation, together with marine shells {AuceZht crcmicoUis, l)eHvwcer(t8 OlrmtephamiH 
mutcebilis and Lytoceras JJatesi) has furnished specimens of SayaiajderiH Mantrlil ami 
Plerophyllum calipmiicum, the plants being directly assoc-dated with the AnnillwA Tlie 
Horsetown formation also contains near its base a highly fossil ihsrouH hand whifdi, 
besides BeUmnites impressits, llaplites sp. Olcostcphcmns TraskU IpftmxruH JUdeni, kv., 
has yielded Naglw 2 ms latifoUa, Angiogderulmm nervosiwi, A. oregonemr. 

The Cretaceous system is prolonged into British North Anniricja, wliere. it is well 
developed not only on the Pacific slopes but on the east side of the Kooky Mountains in 
Manitoba and the North-'West Territories. In V^uiicouver and adjacent islands a seriitK 
of strata, known as the Nanaimo group, has furnished a larg(i 8eri(*H of organi(i remain.s, 
which, like the formations in the Western United Htates, whereof they no doubt 
prolongations, include both marine shells and terrestrial plants. The strata, about 5000 
feet in thickness, consist largely of conglomerates and shales with a grou]> of coal-hearing 
strata 740 feet thick at their base. Among the mariaie organisms arc^ Phyllmras 
Velledm, P. Irudm, Lytoceras Jukesii, Anisoceras va'ncmivereusa, JlamUm ohstridiis, 
D&smoceras Gardeni, PacUjdiscus ootacodemis, P. Earadai, Belermiites, ki\ plants 
include many dicotyledons, palms, -and other forms. This series is regarded as Upper 
Cretaceous, and is not improbably a continuation of the Chico series of Califoriua, 
Apparently of somewhat older date is the coal-bearing series in the Qm^eii Cluirlotte 
grouj), of which the subjoined section occurs at Bkidegate Inlet. 

1 T. W. Stanton, ‘^Tlie Fauna of the Knoxville Beds,” Bidl. (f.d. (L K No, ld*i (1895) • 
JouT7i. Geol. V. (1897), p. 594. 

2 Stanton, B. UM. U, K No. 133, p. 16 ; Biller and Stanton, Bn/L <M, Sue. Amer, v, 

(1894), p. 439. » Stanton, B, U.H. (i, H. No. 133, p. 17. 

4 J. Richardson in lieport of Progress of (hoL Swrv. Oatiada, 1871-77. G. M. Bawson, 
op. cit. 1878-79, 1886 ; A7ner. Bourn. Sci. xxxviii. (1889), p. 120 ; op. dt. xxxix. (1890),' 
p. 180. J. F. Whiteaves, Mesozoic Fossils, vol. i. Parts i. iii. iu publications of QmL 
Canada; Presidential Address, Trans. Roy. jSoc. Canada, sect. iv. 1893. See also lh\ 
Bawson’s Report on Geology a^id Resources of the Region fiear the i9th Parallel, BrUhh 
North American Boundary Commission, 1876 ; Report on Canadian PmUc Railmay 
Ottawa, 1880. 
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Upper shales and sandstones. (Few fossils, the only form recog- 
nised being ...... 1,500 feet. 

Conglomerates and sandstones (fragments of iJeZmrito) . . . 2,000 „ 

Lower .shales and sandstones with a workable seam of anthracite at 
the base (fossils abundant, including ScMcenhacMa rostrata {in/lata), 

Ees/noceras JBeudanti, Tj. playitUatumj Lytocerm Umotheccyium, 
Perisphinctes, Belcmnites^ Inocercmms concentricus, &c.) . . 5,000 ,, 

Volcanic agglomerates, sandstones, and tufis, with blocks sometimes 

four or five feet in diameter . ....... 3,500 „ 

Lower sandstones, some tufaceoiis, others fossiliferous . . . 1,000 ,, 


13,000 „ . 

The middle Cretaceous formations of the North-West Territory have yielded a 
remarkable assemblage of vertebrate remains, which have been discussed and described 
by Prof. Osborn and Mr. Lainbe. The Belly River series, which is said to underlie 
the Montana or Fort Pierre-Fox Hills groups, and overlies the Fort Benton and Dakota 
groups, has furnished well-preserved remains of fishes {Lcpidotics, &:c.), plesiosaurs 
{CwioliosauTUs), chelonians, rhynchocephalia {Champsosatirus)^ crocodiles {CrocodiluSj 
BoUosatirus)^ megalosaurs {Deinodon), stegosaurs {Palxoscincus, Stcreoccplialus)^ cera- 
topsia {MonodoniiiSi Stegocems), iguanodons {Cionodon, Trachodon), and mammals 
{Ptilodics, Boreodon)?- 

Farther north marine and coal-bcaring strata of Cretaceous age have been found to 
extend into Yukon. The plants obtained from them include species of Taxodvmi^ 
(rlyptosty'obus, Coi'ylibs, Juglans, Sequoia, while among the shells are JDiscina Dawsoni, 
Cyprinct yukonemis, Scliloinhachia 'borealis, Scaphitcs, and in one place abundant 
specimens of one of the varieties of A%icella mosquensisr On the eastern side of the 
Rocky Mountain axis Cretaceous formations in a plicated condition display the same 
commingling of marine organisms and terrestrial plants. From the botanical evidence 
Sir J. W. .Dawson believed that he could make out three successive series among these 
strata. At the top he placed the Mill Creek series, which supplied him with some 
ferns, cycads, and dicotyledons, regarded as indicating a horizon not far removed 
from the Dakota formation. In the middle came his Intermediate series observed in 
Alberta, and containing Asqylenmm, Glyptostrdbus, Taa'odiuin, Sterculia vcitistula, and 
Laurm crassinervis. The lowest series was that named Kootanie, from its occurrence 
at the Kooteny Pass, which originally furnished 27 species of plants, among which no 
species of angiosperms was detected.*^ The study of the invertebrate remains from the 
distorted Cretaceous rocks of the Foot Hills and Rocky Mountain ridges led to the 
recognition of what may be representatives of the United States series from the Dakota 
up to the Laramie formation. The Upper Cretaceous series appears to be widely spread 
over Manitoba and westward over the Great Prairie plateau in Alberta, Assiniboia, and 
Saskatchewan, where also the tyxiical formations of the Western United States have 
been identified. An intermediate group, however, the ‘‘Belly River series” above 
referred toj has been intercalated between the Montana and Colorado formations. It 
is developed in Northern Alberta and Western Assiniboia. The plants in this series 
were found by Sir J. W. Dawson to include some deciduous species, which also occur in 
the Canadian Laramie group. The invertebrates are brackish or fresh-water shells, and 
the vertebrates include the interesting assemblage already mentioned. 

South America. — The Cretaceous system has been found to be well developed even 
a.s far south as Patagonia, wliere the following succession of formations in ascending 
order has been ascertained by Mr. J. B. Hatcher. The oldest rocks visible are certain 


^ ‘Contributions to Canadian Palseontology,’ published .by Canadian Geol. Surv., vol. iii. 
Part ii. (1902), by H. F. Osborn and L. M. Larnbe. 

^ G, M. Dawson, Ann. Rep. Geol. Surv. Canada, 1889, pp. 1-227 B. 

^ Trans. Roy. Soc. Canada, iii. (1885), p. 11. 
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black, hard, fractured slates with obscure ammonites, possibly of Jurassic age. The 
lowest portion of the Cretaceous strata, named the Pueyrredon series, is about 800 feet 
thick. At its base lie soft green sands or marls with Exogyra (about 100 feet), surmounted 
by conglomerate (20 feet), with petrified wood perforated by small boring mollusks. 
Then come about 300 feet of soft greenish sandstones and clays (Belgrano beds), which 
towards the top are rich in remains of characteristic Mesozoic invertebrates indicative 
of Middle Cretaceous age. These strata pass up conformably into 330 feet of red and 
variegated sandstone and conglomerate. The Upper Cretaceous rocks forming the 
San Martin scries are estimated to be 3500 feet thick, and appear to lie with a slight 
unconformability on the lower members of the system. They begin with a series of 
hard variegated sandstones (Areniscas Abigarradas beds, 1350 feet) yielding hardly any 
fossils, but covering a large extent of country, and giving rise to striking topography. 
Next in ascending order are the Lower Lignite beds (1500 feet), including vast quantities 
of tree-trunks, forming beds 20 to 30 feet thick. These are followed by the Guaranitic 
or Beinosaur beds (500 feet), — soft, dark or mottled clays and shales, with bright red, 
green, and orange layers, containing fairly abundant deinosaurian remains. These, 
which appear to be the youngest Cretaceous rocks in South America, are comparable 
with the Laramie group of the United States.^ 

Australasia. — Representatives of the Cretaceous system occupy a vast area in 
Australia. In Queensland their lower member (“Rolling Downs Pormation”) is 
estimated to cover three-fourths of the whole of the colony. This group of strata is 
found in some districts to pass down conformably into the plant-bearing Jurassic rocks,, 
and elsewhere to lie iincouformably on ancient schists, slates, and granites. It has 
yielded numerous species of foraminifera, brachiopods, lamellibranclis {Ostrca vesi- 
culosa,, Eecteu, Aucella, Inoceraruus, Pinna, Ilytilus, See.), gasteropods, belemnitcs, 
ammonites of the genera Amaltheus, Echlccnhachia, Ragilocems, also Hamites, Ancy- 
loccras, Orioceras, and Nautilus ; likewise fishes of the genera Lamina, A stridor hyneJmSy 
Belonostomm, and various ichthyosaurs and plesiosaurs. The Upper Cretaceous for- 
mations are represented by the “Desert Sandstone,” which must itself have covered at 
least three-quarters of the colony. It lies on an iiptunied and denuded surface of the 
Lower Ci’etaeeous formations and contains land -plants and a marine fauna [Micrastef, 
Rhynclionella,, Ostrca, Trigonia, Bclcmniics).“ 

In New Zealand the “ Waipara ” formation of Canterbury is believed to represent 
Upper Cretaceous and possibly some of the older Tertiary horizons. It consists of 
massive conglomerates (sometimes 6000 to 8000 feet thick), sandstones, shales, brown- 
coal seams, and ironstones. The plants include dicotyledonous leaves, cones and 
branches of araucarians, and leaves and twigs of JJammara. Among the shells no- 
cephalopods nor any of the widespread hippurites have yet been found. With the re- 
mains of fishes {Odontaspis, Lamna, Hyhodus) occur numerous saurian bones, which have 
been referred to species of Plesiosaurus, Mauisaurus, Polycotylus, &c.® According to the 

^ J. B. Hatcher, Amer. Journ. QeoL ix. (1900) p. 89. The huge Deinosaiirs of the 
Argentine Reimhlic {Titanosaurus, Argyrosaurus) have been described by Mr. Lydekker 
{Ann. Mus. La Plata; Palmmtologia Argentina, Parts ii. and iii.). Mr. A. Smith Wood- 
ward has also named some small crocodiles {Notosuclms), an armoured cheloniaii {Miolania), 
and a snake, and has called attention to the remarkable mingling of ancient and modern 
types of animal life in the same collection, and to the remarkable resemblance between the 
Patagonian fauna and that of Australia, Proc. Zool. Boa. i. (1901), p. 169. The commingling 
of types may be partly due to inexact observation in the field and the confusion of strata of 
very different ages {see postea, p. 1244). 

R. L. Jack and R. Etheridge, jun., ‘Geology of Queensland,’ chaps. xxxL-xxxiv. 

^ Etheridge, Q. J. ' G. S. xxviii. pp. 183, 340. Owen, GeoL Mag. vii. p. 49. Hector, 
Trans. New Zealand Inst ' vi, 333. Haast, ‘ Geology of Canterbury and Westland, ^ 
p. 291. Hutton and Ulrich, ‘Geology of Otago,’ p. 44. 
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work of tlio Geological Survey Department of New Zealand, the Cretaceous system con- 
sists of a lower group (500 feet) of green and grey incoherent sandstones, in which beds- 
of bituminous coal occur on the west coast (Lower Greensand), surmounted by a mass of 
strata (2000 to 5000 feet) which appears to connect the Cretaceous and Tertiary series. 
The upper part of the grouj) (consisting of marls, greensand, limestone and chalk with 
fliuts) is thorouglily marine in origin, with Ancyloceras, BcZemnites, Hostellarin,. 
a plesiosaur, Leiodon, &c. The lower portion, which is caj^ped by a black grit with 
marine fossils, contains the most vahialjle coal-deposits of New Zealand. The plants 
include dicotyledonous and coniferous forms closely allied to those still living in the- 
country^ 


Part IY. CArNOzoic or Tertiary. 

The close of the Mesozoic periods was marked in the west of Europe 
l>y great geographical changes, during which the floor of the Cretaceous- 
sea was raised partly into land and partly into shallow marine and 
estuarine waters. These events must have occupied a vast period, so 
that, when sedimentation once more became continuous in the region,, 
the organisms of Mesozoic time (save low forms of life) had, as a whole, 
disappeared and given place to others of a distinctly more modern type. 
In .England, the interval between the Cretaceous and the next geological 
period represented there hy sedimentary formations is marked by the 
abrupt liiK*. which separates the top of the Chalk from all later accumula- 
tions, and by the evidence that the Chalk seems to have been in some 
phu'CH exGmsivcly denuded before even the oldest of what are called the 
Tertiary fonnatioris wore deposited upon its surface. There is evidently 
here a considei’ahlc gaf) in the geological record. We have no data for 
iweiTtaining what wa-s the general march of events in the south of 
England between the eras chronicled respectively by the Upper Chalk 
and th(^ ovcjrlying Thaiuit beds. Ho marked is this hiatus, that the belief 
was long pnjvalcnt tluit the close of Mesozoic time was marked hy one 
of tlie gr(Nit )>reakH in the geological history of the globe. 

Ile.re and tluirtj, however, in the Eranco -Belgian basin, traces of 
KoiiHJ of the missing evidence are obtainable. We have seen that 
the Danian slndly and polyzoan limestones contain a mingling of true 
(jretacusous f)rganisTns with others which are characteristic of the older 
d'<*rliai’y forniations. The fragmentary deposits in which this transition 
am be tra(uul arci interesting, in so far as they help to show that, though 
in western Europe there is, on the whole, a tolerably abrupt separation 
between Cretaceous and Tertiary deposits, there was nevertheless no real 
hrciuk ]HiUvv.im the two periods. The one merged insensibly into the 
fiilier ; but the strata which would have served as the chronicles of the 
intervening age^s have cither never been deposited in the area in question, 
or hav(j sfuce been in groat measure destroyed. In southern Europe, 
oHpccially in the south-eastern Alps, and probably in other parts of the 
MtHliterraiiean basin, no sharp lino can he drawn between Cretaceous and 
Koetmt? rocks. Tlieso deposits merge into each other in such a way as to 
show that the geographical changes of the western region did not extend 

1 Hector, " Handbook of New Zealand,’ 1883, p. 29. 
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into tlie south and south-east. In North Amonea, also, on the one side, 
and in New Zealand on the other, there is a similar ollaccment of the 
hard and fast line which was once supposed to separate Mesozoic aiul 

Tertiary formations. , i i- i 

The name Tertiary, given in the early days of geology, before nineti 
was known regarding fossils and their history, has retained its hold on 
the literature of the science. It is often replaced by the terms ( jainozoic^ 
{recent life) or ''Neozoic” {new life), which express the great fact that it 
is in the series of strata comprised under these designations that most recent 
species and genera have their earliest representatives, d'aking as the 
basis of classification the percentage of living species of mollusca found by 
Deshayes in the different groups of the Tertiary series, Lyell proposed a 
scheme of arrangement which has been generally adopted. ^ The older 
Tertiary formations, in which the number of still living species of sludls 
is very small, he named Eocene {dawn of the recent), including under that 
title those parts of the Tertiary series of the London and Paris liasiiiB 
wherein the proportion of existing species of shells was only 3i per ceiit.^ 
The middle Tertiary beds in the valleys of the Loire, Garonne, and Dor- 
dogne, containing 17 per cent of living species, were termed Miocene 
{less recent), that is, containing a minority of recent forms. The younger 
Tertiary formations of Italy were included under the designation Pliocene 
{more recent), because they contained a majority, or from 3G to 95 per 
cent, of living species. This newest series, however, was further sub- 
divided into Older Pliocene (35 to 50 per cent of living species) and 
Newer Pliocene (90 to 95 per cent). A still later group of deposits was 
termed Pleistocene {^nost recent), where the shells all belonged to living 
species, but the mammals were partly extinct forms. This classification, 
though somewhat artificial, has, with various modifications and amplifica- 
tions, been adopted for the Tertiary groups, not of Europe only, but of 
the whole globe. The original percentages, however, oftem (h^pending on 
local accidents, have not been very strictly adhered to. The most impor- 
tant modification of the terminology in Europe has lieen the insertion of 
another stage or group termed Oligocene {feno recent), proposed I)y 
Beyrich, to include strata that were formerly classed partly as lJ|;)j)or 
Eocene and partly as Lower Miocene.^ 

^ Some palaeontologists, however, doulit whether any older Tertiary 8pe('ieH, except of 
foraminifera or other lower organisms, is still living. 

- Other divisions of the organic world have been proposed as the hasiH of a chronological 
arrangement of the Tertiary formations. Of these schenu^s the most important are thc)«© 
which have made nse of the succession of the higher vertebrates as the groimdwork of 
classification. Gaudry showed how the Tertiary formations of Kurope were marked off from 
each other by the appearance and disappearance of suceeHsive types of mammalian life 
{‘Les Enchainements du Monde Animal — Mammiferes Tertiaires,' 1878). Boyd Dawkins 
proposed the fossil mammalia as the basis of a stratigraphical arrangement {Q. J. (L K 
1880, p. 379). Dr. Forsyth Major has elaborated a table of the succeHsion of mammalian 
genera from the Trias to the top of the Lower Pliocene {(M. Mag. 1899, pp. 60-69). 
Marsh employed not only mammalian types but the remarkalde reptilian forms supplied by 
tbe Mesozoic and Caiuozoic rocks of the United States, and be in some cases named a 
formation or group of strata from its most characteristic vertebrate, as in the case of 
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Some writers, recognising a broad distinction between the older and 
the younger Tertiary deposits of Europe, have proposed a classification 
into two main groups : 1st, Eocene, Older Tertiary or Palaeogene, including 
Eocene and Oligocene ; and, 2nd, Younger Tertiary or Neogene, com- 
prising Miocene and Pliocene. This subdivision has been advocated on 
the ground that, while the older deposits indicate a tropical climate, and con- 
tain only a very few living species of organisms, the younger groups point 
to a climate approaching more and more to that of the existing Mediter- 
ranean basin, while the majority of their fossils belong to living species.^ 

The Tertiary periods witnessed the development of the present 
distribution of land and sea and the final upheaval of most of the great 
mountain-chains of the globe, Some of the most colossal disturbances 
of the terrestrial crust, of which any record remains, took place during 
these periods. Not only was the fioor of the Cretaceous sea upraised into 
low lands, with lagoons, estuaries, and lakes, but afterwards, throughout 
the heart of the Old World, from the Pyrenees to Japan, the bed of the 
early Tertiary or nummulitic sea was upheaved into a succession of giant 
mountains, some portions of that sea-floor now standing at a height of 
at least 16,500 feet above the sea. 

During Tertiary time also there was an abundant manifestation of 
volcanic activity. After a long quiescence during the succession of 
Mesozoic periods, volcanoes broke forth with great vigour both in the 
Old and the New World. Vast floods of lava were poured out, and a 
copious variety of rocks was produced, ranging from highly basic basalts, 
limburgites, and peridotites to rhyolites, quartz-felsites, and granites. 

The rocks deposited during these periods are distinguished from 
those of earlier times by increasingly local characters. The nummulitic 
limestone of the older Tertiary groups is indeed the only widespread 
massive formation which, in the uniformity of its lithological and palaeon- 
tological characters, rivals the rocks of Mesozoic and Palaeozoic time. 
As a rule, the Tertiary deposits now visible as part of the dry land are 
loose and incoherent, and present such local variations, alike in their 
mineral composition and organic contents, as to show that they were 
mainly accumulated in detached basins of comparatively limited extent, 
and in seas so shallow as to be apt from time to time to be filled up or 
elevated, and to become in consequence brackish or even fresh.- These 
local characters are increasingly developed in proportion to the 
recentness of the deposits. The pelagic accumulations of Tertiary time 

‘ ‘ Atlantosaunis Beds,” “Ceratops Beds,” “ Brontotlierhim Beds,” “Plioliippus Beds”" 
{A7ner. Journ. SrA. xiv. (1877), pp. 338-378 ; vi. (1898), p. 483 ; Geol. Mag. 1898, p. 565). 
The same principle has been carried out with greater precision by Messrs. Osborn, Wortnian,. 
and Matthew, who liave prepared a ta])le of the succession of formations in the whole 
Tertiary series of the West, and have placed opposite to each subdivision the name of the 
vertebrate fossil by wliich it is more particularly characterised {Bull, Amer. Mais. Nat. Hist, 
xii. (1899), p. 20). 

^ Hornes, Jahrh. Geol, Reichsanst, 1864, p. 510. 

- The x>ecnliar characters of the Tertiary rocks of the Western Territories of North 
America are,- however, displayed over areas which in Europe would be regarded as 
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still for the most part lie beneath the oceans in which they were laid 
down, though here and there, as in the Pacific basin, upheaval connected 
with volcanic action has raised some parts of the limestones above sea- 
level (tinte, p. 621). 

Climate during Tertiary time underwent in the northern hemisphere 
some remarkable changes. Judging from the terrestrial vegetation 
preserved in the strata, we may infer that in England the climate of the 
oldest Tertiary periods was of a temperate character,^ but that it 
became during Eocene time tropical and subtropical, even in the centre 
of Europe and North America. It then gradually grew more temperate, 
but flowering plants and shrubs continued to live even faf within the 
Arctic circle, where, then as now, unless the axis of the earth has mean- 
while shifted, there must have been six sunless months every year. 
Cxrowing still cooler, the climate passed eventually into a phase of extreme 
-cold, when snow and ice extended from the Arctic regions far south into 
Europe and North America. Since that time, the cold has again diminished, 
until the present thermal distribution has been reached. 

With such changes of geography and climate, the plant and animal life 
of Tertiary time, as might have been antici|)ated, is found to have been 
remarkably varied. ' Entering upon the Tertiary series of formations, we 
find ourselves upon the threshold of the modern types of life. The ages 
when ly copods, ferns, cycads, and yew-like conifers were the leading forms 
of vegetation, have passed away, and that of the dicotyledonous angiosperms 
— the hard-wood trees and evergreens of to-day — now succeeds them, but 
not by any sudden extinction and re-creation ; for, as we have seen (p. 
1164), some of these ti^ees had already made their appearance in Cretaceous 
times both in the Old and New Worlds. The hippurites, inocerami, 
ammonites, belemnites, baculites, turrilites, scaphites, and other mollusks, 
which had played so large a part in the molluscan life of the later 
Secondary periods, now cease. The great reptiles, too, which, in such 
wonderful variety — deinosaurs, ichthyosaurs, plesiosaurs, pterosaurs, and 
other types — had been the dominant animals of the earth’s surface, alike 
on land and sea, ever since the commencement of the Lias, now vanished. 
On the other hand, the mammalia advanced in augmenting diversity of 
type until they reached a maximum in variety of form and in bulk just 
before the cold epoch referred to. When that refrigeration passed away 
and the climate became milder, the extraordinarj?' development of 
mammalian life that preceded it is found to have disappeared also, being 
only feebly represented in the living fauna at the head of which man has 
taken his place. 

^ J. S. G-ardner hi “ Geology of the Isle of Wight,” Jfem. Oeol. Surv. 1889, p. 106. 
In the detailed discussion of the climate of Eocene time by Max Semper (cited ante, p. 834), 
he analyses the evidence fnmished hy the published lists (sometimes now of little critical 
value) of older Tertiary plants and invertebrates, discusses the probable direction and 
temperature of the marine currents of the period, and concludes that geographical changes 
have had far more influence on climate than has generally been assumed. He considers 
the effect of a displacement of the north pole about 20° towards North America. 
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Section i. Eocene. 

^ 1. General Characters. 

ItoCKS. — In Europe and Asia the most widely distributed deposit of 
this epoch is the numniulitic limestone, which extends from the Pyrenees 
through the Alps, Carpathians, Caucasus, Asia Minor, Northern Africa, 
Persia, Beloochistan, and the Suleiman Mountains, and is found in China 
and Japan. It attains a thickness of several thousand feet. In some 
places it is composed mainly of foraminifera {Nvmmulitos and other genera) ; 
hut it sometimes includes a tolerably alnindant marine fauna. Here and 
there it has assumed a compact crystalline marble-like structure, and can 
then hardly ha distinguished from a Mesozoic or even Paheozoic rock. 
Enormous masses of sandstone occur in the eastern Alps (Vienna sand- 
stone, Plysch), referred pai*tly to the same age, but seldom containing any 
fossils save fucoids (pp. 1205, 1239). The most familar European type 
of Eocene deposits, however, is that of the Anglo-Parisian and Franco- 
Belgian area, where are found numerous thin local beds of usually 
soft and uncompacted clay, marl, sand, and sandstone, with hard and 
soft bands of limestone, containing alternations of marine, brackish, and 
fresh-water strata. This type of sedimentation evidently indicates more 
local and shallower basins of deposit than the wide Mediterranean 
sea, which stretched across the heart of the Old World in early Tertiary 
time. 

On the western side of the Atlantic the familiar European type of 
soft clays and sands emerges along the coast of the United States as a 
belt which, beginning in New Jersey, broadens out southwards so as to 
cover all Florida, to sweep over the plains around the Gulf of Mexico, 
and to stretch up the valley of the Mississippi into Missouri. As the 
rocks are traced round the Gulf region they are found to have become 
hrm sandstones, shales, and limestones, with seams of lignite. In the 
interior a succession of large fresh-water lakes was formed, wherein a 
series of sediments was accumulated iinconformably upon the Cretaceous 
formations. These deposits have preserved with remarkable fulness a 
record of the plant and animal life of the time. On the Pacific slope the 
Eocene sea extended for some way inland over the site of California, 
Oregon, and Washington. 

Life.— The flora of Eocene time has l)cen abundantly preserved on 
certain horizons. In the English Eocene groups, a succession of several 
distinct floras has been obserwed, those of the London Clay and Bagshot 
beds ])eing particularly rich. The plants from the London Clay indicate 
a waim climate.^ They include species of (Jallifri^ Solenosfrobit.% Cupre.^si- 
nites^ Se(]uoici, Ginkgo (Snlishuria), Agare^ Amovam, Nijia (Fig. 460), 

Magnolia, NelwniUum, Vidoria, Highiea, Sapindm, Eiiml/iptm, Cotonsaster, 
Frunus, Amygclalus, Fahoidea, Ac. Proteaceous plants like the living 

^ Ettiugsliauseii, Pme, liny. Sac. .x.xi.x. (1879), p. 388. 
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Australian Fetro'pMla and Jt^opogon have ])een assert(id to form imt of 
the Lower Eocene A^egetation, but their occurrence is not ye.t prov ed ; 
the so-called FetrophUoides is uoav regarded as an ald(;r (Fig. ‘LJOjd 
During Middle Eocene time in the umbTugcous forests of eveign-een trees- 










Fi;'. 4r>0. — Kocniio PlniitH. 

a, Sabal oxyrliadiis, Iloor (niflucod) ; //, rciropliiloidoH UlrlianiHoiii ; Xlpa Burt ini, BroiHnn hj». (' ). 

— laurels, cypresses, and ycAvs — there grew speeitjs of ferns {Liigodium^ 
Aspleniuw, (V:c.), also of many of our familiar trees btisidtbs thostj just 
mentioned, such as chestnuts, Iteeches, elms, poplars, hornlteains, wilhtws, 
figs, planes, and maples. The sul)tropical charaettn- of th(‘. elirnate Avas 



Fifr. 4()I. — Numnuilitic Limostono (!|). 

shown by clumps of Pandanus, with here and there a fan-palm (Fif?. 100) 
or feather-palm, a tall aroid or a towering cactus.'-* 

^ J. S. Gardner, op. cit. p. 108. 

2 J. S. Gardner and C. B. Ettingslnuisen, “British Eocene Flora,” 2 voIh. Palmontof/mp/i. 
Soc. 1879-86 ; L. Cri(5, “Eecherches sur la Vegetation de FOuest de, la France 6. I’Epoque 
Tertiaire,” Ann. Scien. Gtol. ix. (1877); Ettingshansen, Proc, Pm/. iSt/c. xxx. (18H0), 
p. 228 ; Comte de Saporta, ‘Le Monde des Plantes,* 1879, p, 207. 
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The Eocene fauna of western and central Europe presents similar 



n 


Fig. 4(>2. — Eocene Laniellibranclis. 

a, Cardimn porulosinn, Lam. ; /*, Corbula regulbiensis, Mor. ; <.*, Lueiiia squaimila, Desb. : 

<1^ Corbicula (Gyrena) cuneiforms, Sow. (g). 

evidence of tropical or subtropical conditions. Especially characteristic are 
foraminifera of the genus N'nmmiiliks, which occur in prodigious numl'>ei’S 






Fig. 463. — Eocene Gasteropods 




a, Fusns (Clavalitlies) longtevu.s, Brand. (§) ; h, Cerithium (Campanile) gigaiiteinn, Lam. (*) ; c, ]\i(danui 
(Melanatria) inquinata, Defr. (§); d, Volutilithcs elevata, Ho\y. (f) ; r, Rimella fissurella, Deeh. (g) ; 
/, Conus deperditus, Bnig. (0. 


in the nummiilite limestone (Fig. 461), and also occupy different horizons 
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in the Engli8h and Er<ni(;h Hotunn^ i»;isins, 1 ‘}h‘ uHHrniihlaijt* «»! iii‘»llii ‘-a. in 
V (3 ry large, most of t.lie^ gemo’a. ]>eing st.ill living, ihnugli iii.'ini *4 iliriii 
are confined to tln^ warnna* s(^'ih of tin? glnlje (i'igs, Ifi2, ^ !iara< !i'i 

istic forms «irc />V/asvyoV^, jYdiifiliis^ ( ^tnn'cfJds'ht^ J'iljis, i\<»ihhhr>*^ 

Fohita, (Fiffis, yl////vA, / VvvV/// /////, Ah itfiiviyrttrt‘li*liii, /A>,4J/^o'i>r, /*/♦ 

OiiprfV.d^ Nttilcd^ St’iffd, ( d (J/c7>//v.o, 

Fish r(ima,ins a.r(i not infr<‘<jii(*nt- in sonn* of fho rlays, <'liiol!y a. * -.ral !*'! i d 
tecsth (Eig. -HM) a,nd ofolit-hs. 'Fin* living tnipirai siliiroid g^'iniN ,/inrj 
has ])iMin found in tlu'se (h^])osits. Snim* <»f the mnn' ronnoMii -rlarliiaii 
geiKii'a ar <3 fjtidn{((, (hhuha^piti^ ^ <»aijoid ^ .ii*'- 

now rar*(‘.. l\3leost(%ans a,r(‘ r(i[>res(nit ed \*y FhdUnAtr:^ . //nf , .fjid i 
g(‘.n( 3 ra. ddn^ Eoe(‘ni3 n‘pt. iles presimt a ningnlar (Mintr.ot t»» fir ♦' of 
Me.so/oie. time. consist largidy nf tmlcn’scs and fiirlh , wifli 

(;i‘()( 3 odih‘.s and .se;i snakes. It is suggest iv<‘ tff find remain-. <4 diiruid 
fish, cro(U)dileH, and che.lonians, pr<'served in drp(j>ils at hurrm* ;nji% for 
thc 3 assem])hig(*. is lik{i what may now 1 m* met with in Irnpir.d -aa. of ilir 




It 

I'lK. l‘‘i. 

II, o<luntaHj»i» ttHtUioI', A'7. (ill \ latiMiJi ImmO? >‘f, Aj lo 


prcisent time,. An interesting series of remains nf liird« iM*rii 

o])taine(l from th(3 Kriglisli lyK*etie heels. Tht’se imiiide m..? 

Ifitujijnmnis (perliaps r(3[H*eHentative f>f, Imt larger lliaii, the iiiodeni 
all)atroHs), .Fasornis^ fA/s/e/v/./s, I/ifhfffd’ftis iJHntnn:. rii/fiiri«ii?, ainl 

()d(}rdoj)((yrj/x tnlitcjiicHs, a fish-eating lurd witli !>oiiy toolli piori*'. 
to its larg(3 beak. From ilici upper Kfaante beds of file la^at 

ten speei(3H of bii’<ls have b(*en obtairmil, inelmling foriie^ iilla-d fn 
the buzzard, o.sprey, hawk, nuthatch, cjuail, peliraii, ibis, flaiiiiii;fo, and 

African hornbill.“ Ihit the most notable btature in tin* |iala*MiitolMgv of 
th(3 p(3riod is tin; a,dv<mt of some of the nuriientiis riiaiiiiiialiaii Imhu^ for 
which Tertiary time was ho (Imtinguishetl. In the I.iowi*r Fkiei'jie pniod 
apjwared th(3 primitive carnivore.H JiriiHipn and Pdin'nnkiiA, lm*ii aiiiiiirtF 
with marsupial affinities, the former witli Ifcardike feeth, tJie latter 'witfi 

^ For a lint of British Kocane aiul ittoiluMoa v.fmMiU fhr v*»|iiiiir t>v II. It, 

N'ewtoM, oiieof tho nories of Cataloguos iNHUod t>y the BrltiMh MfiMMiiii, 

Owen, Q. J. <J, S, 185t5, 1873, 187H, 1.H80. Boyd Diiwkins. ^ Iwriy Man iii lloliilii.* 
p. 83. Milne Mwardi, ‘Oineaiix Fo.«4Hih;?i,’ ii. r>48. 
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teeth like those of the Tasmanian dasyure ; also the tapir-like Cory_phodon ; 
the small hog-like NymcotJiermm^ with canine teeth like those of the 
peccary, and a shape intermediate between that of the hog and the hyrax. 
Middle Eocene time was distinguished by the advent of a group of 
remarkable tapir-like animals {Palmotherium, Palaplotheriwii, Lopliiodon^'^ 
Pachynolojplms) ; creodonts or forms of primitive carnivores {Proviverm, 
Pterodon, Hymnodoi\ Cynodon) ; and lemuroids (Ileterohyus, Microchcems, 
Ccenojnthecns), the earliest representatives of the tribe of monkeys. 
With the upper Eocene period, besides the abundant older tapir -like 
forms, there came others {Anojdothermm (Fig. 468), AncJiitliermm\ some 
of which presented characters intermediate between those of the tapiroid 
Palseotheres and the true Equidse. They were about the size of small 



ponies, had three toes on each foot, and are regarded as ancestors of the 
horse. Numerous hog-like animals {Bijjlopits, Ilyopotamus) mingled with 
herds of ancestral hornless forms of deer and antelopes {Dichohune, 
Dichodon, Amjihitragulus). Opossums abounded. Among the carnivores 
above referred to were animals reseml^ling wolves {Cynodon)^ foxes {Am- 
ydiicyon), and wolverines {Ilymnodon or Tylodon), There appear to have 
been also representatives of our hedgehogs, squirrels, and bats.- 

It is from the thick Eocene lacustrine formations of the western 
Territories of the United States that the most important additions to our 
knowledge of the animals of early Tertiary time have been made, thanks 
to the admirable and untiring labours, first of Leidy, subsequently of 
Marsh at Newhaven, Cope at Philadelphia, and Osborn and Wortman in 
New York. The herbivorous ungulates appear to have formed a chief 
element in this western fauna. They included some of the oldest known 
ancestors of the horse, with four-toed feet, and even in one form 

1 H. Filhol, Mem. Geol. Soc. FmJice (3), v. No. 1 (1888). 

Gandry, ‘Les Encliainements dii Monde Animal/ p. 4. Boyd Dawkins, ^ Early Man 
in Britain/ cliap. ii. L. Eiitimeyer, Verhandl. Naturfor. BaseL ix. (1890), Heft 2. 
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(Eohippus) with rudiments of a fifth toe; also various hog-like animals 
Eohjus, Parah/nis), tapirs, and rhinoceroses. Some of the most peculiar 



Fig. 467.— Skull of Uiutatherium (Tinoceras) ingens (aRout iV)- 


and especially striking from their pair of long incisor teeth {Tillotherium, 
Anchippodus, Stylinodon). This author, from another assemblage of 
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sktilLs ;in<l liones of auiuialK al) 0 \it as large as a fox, has proposed to 
fstaMish a .s(*j)ara,t(‘ order of iiianunals, that of the Mesodactyla, which in 
his opinion stands in somewhat the same relation to the typical ungulates 
tlmt the lilltHlonts <lo to r'odentsd Still more extraordinary were the 
I )c‘inoc*(*rata or Uintatheriida*, possessing, according to Marsh, the size 
of i‘!<?phantH, with tin; hahit of rhinoceroses, but bearing a pair of long 
horn like pi’onii!ien<H‘s on the snout, another pair on the forehead, and a 
.Hingh; OIK* on each elu;c*k {IJtidathermm^ 466,- 467, including in the 
saiiK* g(;nus the forms de.HcrilH;(l under the names Deiiioceras, Tinoceras, 
EtJufsilf L^Ki'nlaphodini). With these; animals there coexisted large and 
small eai*nivon‘s of the*, primitive type of the Creodonts (Pahmnictis, 
/ 7/’w'/v/ /•//.> .t /idf/ifrffunis^ Pdfrin/fUs, Oxyaiiui, Miads (Uintfiqfon), Smo^a^ 
pttdnpviid, iK’v,), Tlnu-t; W(;re likewise early types of lemuroid monkeys 
{ J iHipbnw>rph}t^) and others which by some i)*^T^^‘ontologists have been 
regarded as pi'ohahly primitive anthropoid apes {Micro^yo].)s). 


§ 2. Local Development. 

Britain.’* K iitirt'ly <*(iiirnn‘<l to tln^ hokUi - (;a.stern part of Kngland,*^ the British 
Koi'j'IK’ Htrata cn'mipy two .syinrlinal (hipr(‘.ssion.s in the Chalk, which, owing to 
dfimdiUioii, have hf(!oinc dftnehed into tluj two well -tie fined basins of London and 
Hampshire, 'fls*’}’ have been arranged as in the sulijoincd table : — 

llaim pshii'i'. London. 

V { {{rjcloii Hill «>r barton Sunds. 

^ I Hartf.n (lay. Upper Bagsliot Sands. 


! Bra’’kl<*d»iiiy beds, and leaf hetls of 
I Bournefijoiith anil Alum Hay. 


London Clay (Uognnr ImmIh). 
Wo«#hvi«‘lt and Reading lieds. 


Middle Bugshot beds, part <)f Lower 
Bagshot Hands. 

Part of liOwer Bagshot Sands. 

Ixanltm Clay. 

lilackheath or Oldliaven beds. 
Woolwich and Reading beds. 

Thauet Hand. 


Liiwku KoeE%”K. The Thiuiet SaufD' at the base of the London basin consists of 
pale velkiwand greejiiKh winds, h<»meiiiu«;s eiayey, and containing at their bottom a thin, 
Imt ieiiiarkiddy (auintant, layer cd’ green -coated fliutH resting directly on the Chalk. 
Aoemdiiig to .Mr. Whitaker, it is <loubtful if proof of actual erosion of the Chalk can 
Iiiiywhere \m h>-en lunler the. IVrtiary thtpoHits in England, and he states that the 

« MiirMln op. nf. (IHirZi, p. 145. Hee alno H. F. Osborn, Jouru. Aacd. Idnladelph. ix. 
(’ompitre the lints of iniimmaliii, paHtea, pp. 12t54 and 1243. 

This redonitioii wim «npidied by Rrofesnor Marsh, whose Monograph on the Deinocerata 

till* Mtiidi'iit :MhmiId cou-huU. Mon. ILS, (L S. vol. x. (1886). , u 

Kit Omyliimri' ami iliillipM, ‘Ecology of England and Wales. Prestwich, V- K. 
vrilH hi vi viil %. xi. xiii. Edward FoHhjs, Tertiary Fluvio-marine Formation ot the Isle of 
WlJlit •• drm (doL 1856. H. W. Bristow, (J. Reid, and A. Strahan, “Geology of the 

lae of Wight;’ Me,n. Snrr. 2n.l edit, 1889. Whitaker, “ Geology of London,” Mm. 
ftmi. AV/t. 18B9. Philli|)«, ‘ Geology of Oxford and the ThaincH Valley, 1871. 

* Mr. .L H. Gardner, however, haw clas»e<l as Eocene the plant-hearing beds Bovey, 
AiitriiH, &e-*, (le«TilH*d at p. 1251 under the Oligocene sulxlivieion. 

^ Brcfitwkh, (A P* 


1230 


BTRATIGRAPHIGAL GEOLOGY 


BOOK VI PART IV 


Tlianet Sand everywhere lies upon an even surface of Chalk with no visible unconform* 
ability.^ Professor Pliillips, on the other hand, describes the Chalk at Reading as 
having been literally ground down to a plane or undulated surface, as it is this day on 
some parts of the Yorkshire coast,” and having likewise been abundantly bored by 
lithodomous shells. - Tlie Tlianet Sand appiears to have been formed only in the London 
basin ; at least it has not been recognised at the base of the Eocene series in Hamp- 
shire. It has yielded numerous organic remains in East Kent, but is almost unfossili- 
ferous farther west. Its fossils comprise about 70 known species (all marine except a 
few fragments of terrestrial vegetation). Among them are several foraminifera, niimer' 
oils lamellibranchs {Astartc tencra, Cyprioia smtellaria {plancttcc), Ostrea lellovacina, 
Giicullaia dccusscda, {crassatina), Rlioladomya cuneata, P. Koninclcii, Corhida rcgulhiemu, 
&c.), a few species of gasteropods {Natica infundibulum [suhdepresm), Aporrhais 
JSoiverhu, &c.), a nautilus, and the teeth, scales, and bones of fishes {Odontaspis, 
Pisodus). 

The AVoolwieh and Reading Beds,^ or “Plastic Clay” of the older geolo- 
gists, consist of lenticular sheets of plastic clay, loam, sand, and pebble-beds, so variable 
in character and thickness over the Tertiary districts that their homotaxial relations 
would not at first be suspected. One type (Reading) presenting uiifossiliferous lenti- 
cular, mottled, bright-coloured clays, with sands, sometimes gravels, and even sand- 
stones and conglomerates, occurs throughout the Hampshire basin and in the northern 
and western part of the London basin. A second type (Woolwich), found in West Kent, 
Surrey, and Sussex, from Newhaven to Portslade, consists of light-coloured sands and 
grey clays, crowded with estuarine shells. A third type, seen in East Kent, is composed 
only of sands containing marine fossils. These differences in lithological and paleonto- 
logical characters serve to indicate the geographical features of the south-east of 
England at the time of deposit, showing in particular that the sea of the Tlianet beds 
had gradually shallowed, and that an estuary now partly extended over its site. Tlie 
organic remains as yet obtained from this group amount to more than 100 species. 
They include a few plants of terrestrial growth, such as Ficics Forhesi^ Grevillm llm'\ 
Laurus HoohiiL Aralicc, Lygodium, Liriodendron^ and Platanns — a flora winch, 
containing some apparently persistent types, has a temperate facies.*^ The lamelli- 
branchs are partly estuarine or fresh- water, partly marine ; characteristic species 
being Corhicula citneiformis^ C. cordata, and C. telUnella. Ostrea hellomcina forms a 
thick oyster-bed at the base of the series, besides occurring throughout the group. 
Ostrea tencra is likewise abundant. The gasteropods include a similar mixture of 
marine with fluviatile species {Potainides funatus, Melania {Mclanatria) inquinata, Melan- 
opsis huccinoides, Fferitina globulus, Natim infundibulum, Pisania {Fusus) lata, Vimpwms 
{Pahbdina) lentus, Planorbis liemistoma, Pitharella Mekmanni, &c.). The fish are 
chiefly sharks {Odontaspis). Bones of turtles, scutes of crocodiles, and remains of 
gigantic birds {Gastornis) have been found. The highest organisms are bones of 
mammalia, including the Goryphodon. 

The Black heath or OldhavenBeds,*^ at the base of the London Clay, con- 
sist in W. Kent almost wholly of rolled fliiit-pebhles in a sandy base, which, as Mr. 
Whitaker suggests, may have accumulated as a hank at some little distance from 
shore. Though of trifling thickness (20-40 feet), they have yielded upwards of 150 
species of fossils. Traces of Ficus, Gimiamoimtm, and conifers have been obtained from 
them, indicating perhaps a more subtropical character than the flora of the l)eds below, 

^ ‘Geology of London,’ p. 107. 

2 ‘ Geology of Oxford,’ p. 442. 

^ Prestwich, Q. J. G. /SL x. p. 75 ; Whitaker, ‘Geology of London,’ p. 222. 

4 C. B. Ettingsliaiisen and J. S. Gardner, “British Eocene Flora,” Falseontog, Soc. voh 
i. (1879), p. 29. 

® Whitaker, Q. J. G. S. xxii. (1866), p. 412 ; ‘Geology of London,’ p. 214. 
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but -without the Australian and American types which appear in so marked a manner 
in the later Eocene floras.^ The organisms, however, are chiefly marine and partly 
estuarine shells, the gasteropods being particularly abundant {Calyptrmci apcrta {trochi- 
formis), Potamides fwiatus^ Melania {Melaoiatria) inquinata, JSfatica infundihuhim, 
Protoeardia plumstcdiensiSi Pectunmlns terclratularis, &o. ). 

The London Clay‘*^ is a deposit of stiff brown and bluish-grey clay, with layers 
of septarian nodules of argillaceous limestone. Its bottom beds, commonly consisting 
of green and yellow sands, and rounded flint-pebbles, sometimes bound by a calcareous 
cement into hard tabular masses, form in the London basin a well-marked horizon. 
The London Clay is typically developed in that basin, attaining its maximum thickness 
(500 feet) in the south of Essex. Its representative in the Hampshire basin, known as 
the “Bognor Beds,” and exposed at Bognor on the Sussex coast and at Portsmouth, 
consists of clays, sands, and calcareous sandstones, thus differing somewhat, both 
lithologically and paloeontologically, from the typical development in the London 
basin. The London Clay has yielded a long and varied suite of organic re- 
mains, that point to its liaving been laid down in the sea beyond the mouth of 
a large estuary, into which relics of the vegetation, and even sometimes of the 
fauna, of the adjacent land were swept. According to Professor T. Rupert Jones, 
the depth of the sea, as indicated by the foraminifera of the deposit, may have been 
about 600 feet. Professor Prestwick has pointed out that there are traces of the 
existence of palaeontological zones in the clay, the lowest zone indicating, in the east 
of the area of deposit, a maximum depth of water, while a progressive shallowing is 
shown by three higher zones, the uppermost of which contains the greater part of the 
terrestrial vegetation, and also most of the fish and reptilian remains. The fossils are 
mainly marine mollusca, which, taken in connection with the Bora, indicate that the 
climate was somewhat tropical in character. The plants include tlie fruits, seeds, or 
leaves of the following, among other genera, the fossils having been mostly obtained 
from the Isle of Sheppey : Hcqxioia^ Pinxis, Callitris, Ginkgo ; Musa^ Nipa^ Sahal, 
Chmmrops ; Qmrcus, Liquidanibar^ Laux'itSy Mijssa, Biospyros, Syxnplocos, Magnolia, 
Victox'ia, Ilightea, Sapioidxos, Oiupaxiia, Eugenia, Eucalyptus, Anixjgdahts.''^ Diatoms are 
found in the lower 50 feet of the London Clay,*^ and numerous foraminifera have been 
obtained by washing the clay. Crustacea abound (Xanthopsis, Boploparia). Of the 
lamellibranclis some of the most usual genera are Avicicla, Cardium, CorbxUa, Niicxihma 
{Leda), Modiola, Nxicula, Pholadomya, Pinna, and Vexiericax'dia. Gasteropods are the 
prevalent mollusks, the common genera being Plexirotoma (45 species), Pxlsus (15 
species), Cyprsea, Mnrex, Natica, Oassis {Cassidaria), Pyrula, and Valuta. The 
cephalopods are represented by 6 or more species of Nautilus, by JBeloscpia sepioidca, 
■and Beloptera Levesquel. Nearly 100 species of fishes occur in this formation, the rays 
{Myliobatis, 14 species) and sharks {Odoxitasp is, Lamna, &c.) being specially numerous. 
A sword-fish {Tetraptex'us priscus) and a saw-fish {Pristis) liave likewise been met with. 
The reptiles were numerous, and markedly unlike, as a whole, to those of Secondary 
times. Among them are numerous turtles and tortoises {Lxjtolonia, 3 species, ArgillocJielys, 
2 species, Trionyx, 1 species, Podocncmxjs, 2 species, Pscxtdotrionxjx, 1 species), two species 
of crocodile, and a sea-snake {Palseophis toliapicus), estimated to have equalled in size 
a living Boa constrictor. The London clay has yielded the birds above mentioned 
[Litlwrxiis mdturinxis, Haley ox'nis toliapicxis, Basornis londmexisis, Odontoptcryx tolia- 
picus, Argillornis longlpennis). The mammals included forms resembling the tapirs 
{Hyracothermxn, Coryphodon, &c.), an opossum {BidelpJiys), and a bat. The carcases 

■ ^ J. S. Gardner, op. cit. pp. 2, 10. 

2 Prestwick, Q. J. G. S. vi. p. 255 ; x. p. 435 ; Whitaker, ‘ Geology of London,’ p. 238. 

s Ettingshausen and Gardner, “British Eocene Flora,” Palmoxito graph. Sac. p. 12; 
Ettingshausen, Proc. Boy. Soc. xxix. (1879). 

^ W. H. Slirubsole, Journ. Roy. Microscop. Soc. 1881. 
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of tliese animals must liave been borne seawards by the great river which transported so 
much of the vegetation of the neighbouring land. 

Middle Eocene.— In the London basin this division consists chiehy of sands, which 
are comprised in the two sub-stages of the lower and middle Bagshot Beds.” The 
lower of these, consisting of yellow, siliceous, unfossiliferous sands, with irregular light 
clayey beds, attains a thickness of about 100 to 150 feet. The second sub-stage, or 
“Middle Bagshot Beds,” is made up of sands and clays, sometimes 50 or 60 feet thick, 
containing few organic remains, among which are bones of turtles and sharks, with a few 
mollusks {Vencricardia acuticosta, V, dcgans, V. planicosta, V. inibricata, Corhula 
gallica, 0. Lctmarckii, Ostrca fictbellula). 

In the Hampshire basin, the Middle Eocene series attains a much greater develop- 
ment, being not less than 660 feet thick at the west end of the Isle of Wight, where it 
consists of variously-coloured unfossiliferous sands and clays, with minor beds of iron- 
stone and plant-bearing clays, pointing to an alternation of marine and estuarine 
conditions of deposit.^ On the mainland at Studland, Poole, and Bournemouth, the 
same strata appear. The important series of clays, marls, sands, and lignites, upwards 
of 100 feet thick, known as the Bracklesham beds from their occurrence at Bracklesham, 
on the coast of Sussex, has yielded a large series of marine organi.sms. Among these are 
the fishes Pristis, OdontaspiSy Lamncty MyliohatiSy also the- sea-snake PalmphiSy and the 
mollusks Belosejpia sepioidea, B. OiocnUy Cyj^rma inflata, Gisortia tuberculosa, Margmella 
Pburnea, M. ovulata, Voluta angusta, V. ■niioricma, Volutilithes crenulaUis, V. apinosus, V. 
citliara, Lyria Brandcri, Mitra lahratuXa, Conus depcrditus, 0. Lamarckii, Pleurotoma 
dentata, P. textiliosa, Murex {Pteronotus) asper, Clamlithes {Fusus) longmmis, Turritella 
imbricataria, Ostreadorsata, 0. flabellula, Pecten (Pseud-amusium) corneus, P. {Amusium) 
squamula, Lima cxpama, Spooidylus rarispi'na, Amcula media, Pinna margaritacea, 
ModiolLi{Lithodoynus?) Deslmycsi, ArcaUangula {Branderi), A. interrupta, A. planicosta, 
Limopsis granulata, Nucicla minor^ Nuculana {Leda) galeottiana, Ven&ricardia acuticosta, 
V. eleganSy V. imbriccUa, V. planicosta, Crassatella grignonensis, Qhama calcarata, 0, 
gigas, Nummulites Isevigatus, (iV. scaher) Alveolina fusiformisP' The Bracklesham beds 
reappear to a small extent, as greenish clayey sands, in the London basin, where they 
form part of the Middle Bagshot group. 

One of the most characteristic features of the English Middle Eocene division is the 
abundant terrestrial flora which has been disinterred especially from the plant-beds of 
Alum Bay and Bournemouth. It is remarkable that this vegetation is apt to occur in 
patches or “pockets ” which may mark the sites of pools into which it was blown by wind 
or transported by streams, so that varied though it be, it doubtless affords no adequate 
picture of the variety of the flora from which it was derived. From Alum Bay, in the 
Isle of Wight, according to Ettingshausen’s census, not fewer than 116 genera and 274 
species belonging to 63 families have been obtained.^ A feature of special interest in 
this flora is to be found in the fact that it is the most tropical in general aspect which 
has yet been studied in the northern hemisphere. This character is particularly indicated 
by the numbers of species of fig, and by the ArtoCarpese, Cinchonacefe, Sapotace^e, 
Ebenaceae, Biittneriacece, Bombacem, Sapindaceje, Malpighiaceae, &c. The most con- 
spicuous and typical forms are Ficus Bowerbankii, Araliaprimigenia, Bryandra acutiloba, 
I). Bunhuryi, Cassia Ungeri, and the fruits of' Csesalpinia. Many of the dicotyledons 
belong to species elsewhere found in what have been considered to be Miocene deposits. 
More than fifty species of the Alum Bay flora are found also in those of Sotzka and 

^ “ G-eology of the Isle of Wight ” in Mem. UeoL Su'ro. p 109. 

2 See Dixon’s ‘ Geology of Sussex ’ ; Edwards and S. Wood, “ Monograph of Eocene 
Mollusca,” Palmntograph. Soc. 

® Mr. Gardner suspects that in this estimate species from other localities have been 
included with those from Alum Bay, “Geology of the Isle of Wight” in Meyn. Geol. Surv. 
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Haring (p. 1239), while a lesser number occur in those of Sezanne (p. 1235) and the 
Lignitic series ot Western America.^ The Bournemouth beds, believed to be rather 
higher in the series than those of Alum Bay, lie immediately below the Bracklesham 
beds. They have yielded none of the prevailing types of plants that occur at Alum 
Bay, but this may no doubt be due to local accidents of deposition. The Bourne- 
mouth flora is likewise an abundant one, and suggests a comparison of its climate and 
forests with those ot the Malay archipelago and tropical America.- The celebrated 
lignititerous deposit of Bovey Tracey in Devonshire, as already mentioned, has been 
referred by Mr. Gardner to this horizon.^ Crocodiles still haunted the waters, for their 
bones are mingled with those of sea-snakes and turtles, and with tapiroid and other 
older Tertiary types of terrestrial creatures. The occurrence of the foraminiferal genus 
Eumm'alites is noteworthy. Though not common in England, it abounds, as already 
stated, in the Eocene deposits of central and eastern Europe. 

Upper Eocene. — The highest division of the Eocene strata of England, according to 
the classiflcatiou here followed, includes the uppermost part of the Hampshire series, 
which has long been known as the “ Barton Clay,” with, perhaps, the Upper Bagshot 
Sand ot the London Basin. The Barton Clay does not occur in that basin, but forms an 
important feature in Hampshire, where, on the clifls of Hordwell, Barton, and in the 
Isle of Wight, it attains a thickness of 300 feet. It consists of grey, greenish and brown 
clays, with bands of sand, and has long been well known for the abundance and 
excellent preservation of its fossils, chiefly inollusks, of which more than 500 species 
have been collected, but including also Ashes {Laynna, Myliohatis, Ariics) and a crocodile 
{Diplocynodon). The following list includes some of the iiiore iniportant species for pur- 
poses of comi)arison with ecpiivalent foreign deposits : FolutilUhes iudatrU% V. amUguus, 
V. athlefa, Conus scabnieulus, Conorbis dor'mitor, Fleurotoma rodrata (and numerous 
other species), Clamlithes {Emus) lonymmis, Syemn pijnts, Ostrea gigantea, 0. Jlahellula, 
V'ldscllct deperdita, Pccten rcconditus^ Lima compta^ L. soroi\ Avicula media, Modiola 
{Modiolaria) seminuda, M. {Modiolama) sulcatQ>, M. tcmcistriata, Area a 2 ypendicv.lata, 
PecHnculm {Glycimey'is) deleta, Venericarda JDavidsoni, V, sulcata, Crassatclla sulcata, 
Chania squamosa, NuimmUites clegans, N. rariolaria. 

In the London basin, the po.sition of the so-called “ Up[)er Bagshot Sands” has been 
the subject of some discussion, there being no marked separation lietwecn them and the 
group known as “ Middle Bagshot.” They consist of sands with ferruginous concretions 
which have yielded Turritella imhricataria, Ostrea JiabcUnla, and other .shells found in 
the Barton Clay. 

Above the Barton Clay and forming the highest inemher of the Eocene scries comes 
a mass of unfossiliferous or sparingly fossiliferous sands, from 140 to 200 feet in thickness, 
so purely siliceous as to be valuable for glass- making. Tluise deposits in the Isle of 
*Wight are immediately covered by the base of the Oligoceue series. They have been 
called “Upper Bagshot,” but as they probably occupy a higher horizon than the true 
Upper Bagshot Sand of the London basin, the local term Headon Hill Sand or Barton 
Sand is more convenient for them.”* 

It is probably from the Bagsliot sands that the great majority of the so-called 
“ Grey Wethers ” or “Druid stones” of the south of England liave been derived, which 
have already (pp. 453, 454) been referred to. 

^ Ettingsliausen, Proc. Roy. JSoc. 1880, j). 228. See J. S. Gardner, (hwl. Mag. 1877, 
p. 129 ; Nature, xxi. (1879), p. 181 ; the Monograph on Eocene Flora already cited, and 
“Geology of the Isle of Wight” in Mem. Geol. Surv. p. 104. 

^ J. S. Gardner, Q. J. O. S. xxxv. (1879), p. 209 ; xxxviii. (1882), p. 1 ; Froc. Oeol. 
Assoc. V. p. 51; viii. p. 305; Oeol. Mag. (1882), p. 470. 

^ Quart. Journ. Oeol. Soc. xxxv. p. 227 ; xxxviii. p. 3. For an account of this deposit 
and its flora, consult W. Pengelly and 0. Heer, Phil. Trans. 1862. postea, p. 1251. 

C. Reid, “ Geology of the Isle of Wight,” M&iU. Oeol. Sun\ p. 122. 
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Lower Eocene (Paleoceiie). — In the Paris ])asiii certain glauconitic sands form 
an excellent liorizon, which corresponds to the Thanet Sand of England and Dumont’s 
“ Systtune Landenien” in Belgium.^ They are sometimes indurated into a compact 
stone and' are marked by the occurrence ot Cyprma Scutellaria. In the Department of 
the Oise they form the Sables de Bracheux — greenish glauconitic sands with a basement- 
band of green-coated Hints resting generally directly on the Chalk. This sandy member 
of the series, traceable as a definite platform tlirongh the Anglo-French and Belgian 
area, contains among its c-haracteristic fossils PhoLaclomyci cuoicata, P. Koninckii, 
CucuUasa crassatina, Pccten {Fropmmasiuvi) hreviauritus, Pscmimohia {Gari) Edwardsii, 
Osti'ca hellovacina^ Turritella hellovacinaj Natica. deshctijesiana^ VolutUithes dcpressus. 
Above these sandy marine strata come the sands, marls, and limestones of Eilly near 
Reims, with fresh-water shells. Farther south these various deposits are replaced by 
the travertine of Sezanne, about fifteen feet thick, which has yielded a rich assemblage 
of terrestrial plants {Char a, Asplemuin, Alsophila^ Jiuflaoiditcs, Sassafras, Vitis, Hedera, 
&c. ), together with caddis- worms, insects, and crustaceans.- The sandy strata at 
the base of the Eocene series of the north of France, together with the Rilly and 
Sezanne deposits, are classed as forming the Thanetian stage of the" series. Above 
these deposits comes tlie ‘\Argile plastique” of the Paris basin, with the associated 


-ins.— Anoplotheriiiin commune, Cuv. (much reduced). 

lignites of the Soissoiinais. The mollnscan fauna of these .strata resembles that of 
the "Woolwich and heading beds, Ostrea bellovaclna, MeUmla. {Nela nutria.) inqumata 
and CorMcula ameiforviis being common shells. This division of the sca'ies has been 
named the Sparnacian stag(j from its development at Epernay fSparnacum). The 
London Clay, though well repre.sentcd in Belgium and Fremth Flanders, does not extend 
into the Paris basin, whore it appears to he represented by a grcuip of sandy strata 
which, in the valley of tlie Aisrie, are more than 150 feet thick, and overlie tlie lignites 
of the Soissoiinais. These sands (Sables de Guise or du Soissoiinais) contain, among other 
abundant and well-preserved marine organisms, Nummulites pla.nulata s, Turritclla ediia, 
T. hybrida, C'rassatella prupmqua, Liwiua sqiutm,uhi. Tlie.se strata, wliicb may be the 
erpiivalent of the lower jiart of the Engli.sh Bag.sliot Sand, form the liicliest member of 
the Lower Eocene stages of the Paris basin. From the typical dev(‘.]o])ment of this clay 
in the London basin this stage has beeii'iiamed Londinian ; other writers liave termed it 
Ypresian from Ypres in West Flander.s, where the Belgian type of the clay is well seen. 

The Lower Eocene formations in the Belgian area present .soim* difreniiiecs from those 
of the Paris basin. They have been grouped by Dumont into a s<-]’ies of “sy.stemes.” 

^ Hebert, Ann. Sciences (HeuL iv. (1873), Art. iv. p. 14. On the relations between the 
sands at the base of the "Eocene series in the north of France and the Paris basin, sec 
Gosselet, Bull. Serv. Carte. (teoL France, No. 8 (1890). 

Saporta, Me^n. Sac. GeoL France, (2) viii. ; ‘Le Monde de.s Plant<*.s, ’ p. 212 ct seq. 
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Above tbe Moiituin, wliicli is imw at, thi- tup .»f the Cn^tareMii *ii* >, *-!h. , 

“Systemc Hecrsieii,” so iuuiumI from its «Ievrlopiiirnt at Heers m hiiuh>^nf.>. J.. -i 
total depth of alxuit KH) feet, it. consi.sts of (I) a hov.-r .Ijvi-imh h! .iii sv i-j* v.ftii 
OypnnascutnUari 0. MorrisH. .Uof/in/u r/reunts, and i»fber tiiaiiiir 4a li . ^4 

occur in the Tham't Sand of Kn^^hind and tin* Sabirs dr ibarloir. ; and ‘4 an |-i 
division of marls (Marnes de tieliinlrn!, tandaininr:. br.ddm Mnsir m! lie j r 

found in the lower division, numennis reinuiiiH of a trrrriiiial vrin iaiiMii 
eocenim, Chaniwrjtptiris hrhjir.K^ Paaritra Itit tssi niti i, and sprrir . m| f/.-. . * . 

Cinnamomuin, Ijinritii, llhununn, Unh'nt, AnPiit,kv..^ 

The ‘‘Systenie. Landenioii,” ef>rresp«nidiii;.^ to ihr Woulwirh and Ir .ids!; ’ I * I- of 
England and the Argile plastljm*. and Idgnilrn dn Soi oounai . *4 l i .in » . i * o?vj ebu- 
into two stages: Isl, I;OWcr niariiif^ gravels, ronghnmi.il* sandfon* A , . 

with badly preserv(!d fossils, among which an* 7V/v/b//o Ar//.o a. ^ r a i 
[c.riismlbm), Pruforurdia Ptlwurdsl, f'lipriitu sruf* Hi -i. 
dovviiit Km I nckii ; 2jid, Upper tluvio-marim* sands. sandHtoiir tnai ]s, and rnan --‘on 
taining Mi’la.nia {Midaiuitria) iiujuimday Mt htuftpsiH ^ m. , ^ .. r h t .,f . , 

hellov>((rin((, ( hn'hirtda ruHrifttnnis^ with leaves ami s!em> of Irjie Ui mi 

The. “ Systenu! Ypnssiitn " eouHi.si.s of a great arnen mI rlav 'i and -.uid-i ri jjj;; 
generally to the. Ijondon Clay. It is divi<led into I w«i hfagen ; l it, L ai* i fUll 
brown clay (Argile de FlaiiderH or d’Ypres;, .someiino s birMiidju! -audv. orl |.i»>b,|bly 
ail eastward extension td* the Uombm Clay. 4 be l*rea]v i»rii%frn ilii j i ind tie* 
top of the Laiidenian bc‘dH below is reganled as tilled up by tb* <i| ib « n 1** 4 ) »•} lb* 
London basin. The oidy re(.*.onied fo.ssilM are forandidt* as ae/omny* »dJj fiei':e.:4 |h<- 
Loudon 01a.y and sonn! ernstaei-a (Xu nfliopsii . “Jnd, I pp' J* «stb 

lenticular intercalations of thin greyislngreen ehum wiiij abiimbiiil. br.jsbn lie 
freapient of which .'in^ Xu iiuau/ifrH jdtfdnInhfH doimiiig ag|4irya|rd imi rn . 

editU) T. Ihiil>rid(f, Frn/if/irs hiHjnittruHiH, Ptvtt n r*o a* #'.■», p*>-UtA^-tsiu’i ^4 + e-4v-#f i? n /, Hri ,;a 

8 (}U(( 7 nub(, Piiritjut pUinu. Out. of 72 speeien i4 in«ditn»lm. Id aie baind iij tli'’ 
Sables de- Cuise and 20 in tlie Lomioit Ulay.’^ 

d’h(! “ Systeme Pjuiisidien,” ho named fnnn Mont l'a!ii’‘»»d n«-:ir Mon-n » rbii fly 
of Hjindy d<!poHits not markedly fossil iferons, but eunlainini* among oflirs iMjisr: 
fmuridUi^ PoliddliUirH (dfiuditH^ Tmi'ltrlUi Ih.tnni^ Mtnh-i.r /.«r-oei 

squairinda. Out f>f 120 speeieH of imdlnsea found in tld!*!* tiepfiMii, *d ;ip|« .y in fh.*- 
Sables dc3 Cuise, and only 00 pass up into the ( ‘ab’iiire OroH'dei, l|rn»'»' inr' 
beds are jdaeed at th(! toj) of the Lower Koeene stiigi <4 lU lgiiun. 

M.ii)I)M<: Kocjknk. This division is so fnliy fleveb»pe<l in tie* |hirr» lomiii ll.*! ih»' 

name of Lutetian (from Lutetia, the old appellation of Ins'* l*ei n gi ven f«, ii ii j i 

there formed by the charactenstie, pnaligiously foKHilileron!» Oafraiir whedi g-* 

subdivided as uinler - 


f 


U- P 



f/J ^ 
CJ O 



upper Huh- 
group witli 
Ca rd in III oNi- 
i/uiim and Cr- 
rifkinvi dm- 
Undid urn. 

Middle sub- ( 
group with 
fnndna huxii--, 
rii/ii and M i- 
linia. \ 


• 1 . 




2 . 

1. 

4 . 

3. 

2 . 

1 . 


Linie-Htone with Curdiuui r V .. .jf/Mo.-; 

Ulninnllt'i^ 

Liim^hlone with ( Vrithuiiti dfnti*'tdtilt*m .'inul /*• ftt-.iHA'-T 

rrintalUH. 

Hilieeous limeHt.one %OUi undeSeiiniiird ,4 /-..nr 

midefi. 

Coral limeHttuie n in i 

Hilieeous limeHtone’with piulini» rd lamiimlrd imiil 
Liniestone in siiiali thin l*oaf«h witli ||»H br.if.r y 

Limestone with MitUda and nnst^mm ifloOir ,. 

Hilieeous lime.Hnuie with imb'hnmiiiiile 
fraucHi. 


^ De Saporta and Marion, (\nii\ At-nd, Hrhj. ^b,. ||<«73*.4, 

Mourlon, ‘Geol. Helg,' p. ‘ill. 

Dollfus, /i. S. (}. P. Her. vi. {187H), p. 2(111 ; Michelet, np. ni, 2**^ nrr, \r:. p. Uldib 
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v>a?l4 | \*?'’“ • * ’ • 1 

/>. V /, - I IiuH*Htcm<^ in two beds ■ Bane vert. 

:i iin’i I ^ b'«'**ii maii . . . 

'l/ I iimt'-'toiM* blol(nniti(..) (Saint Noiii). 

I. ^5h^■rr»lln liinrstonc with /UtUtniides. 

v*!*li cuneniirm,. Amt. harhutala, (Jwrdium (Litho-- 

“ Mdiuia, kv. ^ 

s%vh Sifnim huUdf\inni\ Vidiumu bxdlAddes, CJar- 

j/*v/ >fthtili'ihiirnt, wveral stx^cie.s of large Flust-m 

^ith FAod^tiHf nn.i terrestrial vt'getation [Orhitulltes ami- 
,^d>Hi‘nfit, Vt'/ttrirunfifi iif/hrlaUn, ka.). 
hui*'4nm' {1 nit’ittlfu imhidraluria^ (Jha/jiui adcamta. 

kv,). ’ 

’o*h ,l/)/i../.# and 'Vfiduniitht {'i\ ln'si)iu((f((,). 

‘ s-' ijM* ejir siia with < {iUtiniHtnile) (fh/anteumi 

'> r-n- . 

»;sr 4r»»»ii » M*n<l with Ar/z/V// judfllaris, 

"iiiAi-' sal* am' gr<» i'«i»T, with Ctii’dlum jxu'ulosiiv). 

' ' ll airv in’OH .i«*r, with E n mtn ttlKes lu'ng(Ui(,s^ N, scaber^ 
it, itithrlhdti, Itifaipa plana. 

i.oel, •Paulina - 1 t*ah’ar«MtHN and iudurat(‘(l, with pobhluH of. 
nl.-, diaih k teeth, utid r«tUe«l CrngmenlK of coral. 

the I’ans hadit in regarded as th(‘. jirohahlo e{[nivalci)t of the 
t.oit’; I, «;•:!, i d .t.Uids /Mel tie elavs .d Biaeklt'shatii )ui<i BouriKiiuoutli in the English 
I i« j li, I’,. fhr -Middle KMeene |ireH<‘UtH a ilitlerent !iH{)(‘i‘,t from that of 

Taire i .ui.ifiiii.' !»< t|»e EiigliMli type. l(. eouHists of (I ) a lower set of sandy 

Ir'i!! li- y 3:, 14 Mehr the name <d’ Bruxidlien," rieli in fossils, which, 

vi'i, . 4 S-. 'uj-i ol;. h.idly i-aes. tved. Among the forniH are reniains of terrestrial 
j,-. ^ !. 1^., t'f'a?i.Hif.% A/tiafat, grffpiotamHw^ 

, sd. .M ?, M..ftriu4i dtt'tiA.Htifa^ (dtaaia adcarafa, (Jardiwtii porn- 

. » d. V . i . /• , f 7 Xi/fi'ra lfdn l/(tf.a, f '^(>/i(lA(./inroht,Ancillcc 

f ‘ •' f /dh .oij o iinmertiUH remaiiiH of IihIk's, (\specially of the 

^ * '■■■f i fdih’tir, 4 da, :tn(\ variouH rejd.ih'H, including species 

..:f / . • .'M 4 » A/ .' , wgh /,'.f. i . Fii4np>-rt, ^liii'ia/is Eixoniy and PalivapJuH titpluv.m ; 

.? f’s j 'd f ■ . old’ iMoa rah aieuus HaiidHloiKss r“ Baekenian ”), made np of 

/' 0 ;r '. ) >'. !' i ,; . d.-,5 ,43, 4 **-■■■ : ,V. A# Whatht‘t\ N. llilbrtii, N. varlolarlus), 

]|?4M MU}., ,.J .1 . ..i '^rii 

|i !- *>!.. t ' I ■ ' tu.- la . oy. jn J hi^ ,I uraHHie limi‘Ht(»m‘. \v<‘rc Idled in from 

iL, ! ji . ' tl. ».« u J.< il}« ♦ ;ii» :i se^ weie eovei'ed Up of Tuaiiy of tho auimals 
,f ■M.,r i . f. !* u Aiieaig iheHe depunitH the most noted is tlio hreccia 

,4 ,.i4 Mu * ,4 n, fiom which a remarkable, asseniblago of 

?, ?i. f.t?, f. ii. < hi'-i i*» ii Mhiiiined, iiieluding lemuroids ((J{fvn,opUheeus, 

.4-., i,., rii-titltfulH ( /'ravlir-rn/, /d.(:rodon), true 

i' M < J'. -ri*? ! !*X'4kHodi44mi‘u Si'iirntH, Eriii/’fddA'N), ungulates 

/. /, M ^ is 4. (VbafhornSf Ahn-f, Laphi.adon, Pachyno- 

I, ,1- ., i' A n* IfdttphiiA, Pluuiat'odan, My/lttit’adall, kc.).^ 

I'lilti. In TarMs harMii ihin HMhrBvjHion eoiiHistH of the following 

1 4 rs‘i Auiaui >d jiM ’ <*r Bvp’^ hieuntre).'* 'fliis highest and 

3 I«m| ,4 f p^f j^, ImHiu ml, fVet tliielc at Moiitmartrc), 



' I .t 4 

r^iu^ 'i.vua,, .tr.- ,A I 


.■.,f 1»u»H Ao.eh ri. Heft. 2. 

Ti.! m 1 itsiiit mineralogy <if the gypseouH {IcpoBits of the 

A -e. |m,a. AhtMttm, i%. PariH, The Paris gypsum and 

r-i '■ b -un-M./' fi'Mia Bnde*4 in the Montague de Ite.iniH, or “ Pria- 
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(lisj)lay.s a reniarkahlc. ]triMn:ilic; .stnu'tm'o }». Hill), aial ■ 
juhI of inaiimials [ rttiirtitln’rhi m, Aunfifutht ri 

of tern^strial wood, and a low torroNlrial Hh^dl^ {11*^* *, 
is {•oiil'oniialilc wiMi tin* nmriH and iimniif ^ypMUin tind^ n»* a 

Marls wil.li nodidos of silica {iiH-iiilito ; and ffyiisnrii. 

Scc.ond band of j^ypsiini, oont.aininu inaritu' lo^-ii 
P, {llttf iffnrlit) /}(fiir<if>iNHn‘ffrs, S/rso/ni lutu fftn, 

Y<‘llo\v marls with Lucinti innninfa. 

Tliird band of j'yiisiuri, saci*));ir«ii<l and cry -laid* i-i, uilh 

Yellow, brown, and |j;nM*uish inarN, with 
1 )rs niff rest i\ tH:c. 

Fourth band of i^ypsiim. 

(Irccii sands of Monecuux i Cmtin , p. 
pa nhivn.sin), 

binicstoiK's of Saint Oinm- a marly Ire, h- wafer min v 
composed of two zom*s, the lowci lull o| llHhiui‘U nici fo» r 
in Linrtuvff, 

Sands of Mortefontaim* ( Arii'nlt/ fh/nnn, i , 

Limcstoim of Ducy {Lini/HKf, UiiAi’i>hitt u 

Sands and sandstones of Ileanelminp \ i t itiu n nt . * 

Pofdni if/f’s Iit)i(r{\ /Uti/ffitiff hnn/nt-rfr^ /,*. f h 

(ir/iiiS { A ills If s) nithhfhfs^ (Uirlnifa . 

Sands, ^e., with Nniiinutf itfs nu rUthn in^u J. 

hlf'lfliC (/i‘/ii‘j‘t^i/.(fj corals, ( hiiuitiispis fhifutci^ « A 


Northwards in tlui llc.l^iaji area, near IhusHi l.. tbr bjid?* d I o« . lo- -di d:* 
consist of sainis ami calcareous HandHt«»nc> “ Wi'ijuiirli* n " , !<=* j.tj d fiMtn f br* 
similar Lacdcc.nian bods ladow })y a «'ravcl lull of Xff uunni i , fnlM i 

coininoii fossils a.rc Turhliiiifiif snlnfftf, AY/'/o/A/ phuitH, /’♦ roo# sa; ofn, .a »’r i 
hrevia, Cffim/lfhi's {Fusus) liniffivnts. 

Rooodin^^ from tim Faris basin, the Koeenc deponf * »'fitj!«dv •lalbjini 

charactors as they an^ tivnred into the west, eentie, and 'aoith *4 | . * ‘o luje !*♦ 

Vasseur’s dcd-aihsl nwearehes, a lon^ irreji^nlar arm »d' the m-i |•en»i Ihin.im in 
Eoceno times, from wlnu’c. the Tioire. now enters the Afbiidn:. tie*- nMiib 

part of Vendee, was lik(*wise Hubmei'jip’d. In tljene wafei-.^ n -eiii ^ »*! Jnjjr fuij, -: .lud 
sands was deposited, which from their fossil eonlenf’^ /jppcai fo b.* ih- uI j of 

the (lal Cairo (JrossiiU', They pass uj> into laeu*»ttrim' and b}M»’|,rdi « d - 1 bv.| = bl« fb*- 
corresponding groups at Faris.-' In the south of France, tb.- K.^rjir f padli 

of marine, partly of fr(iHh-wat«*r forniatiouM. In Fjo% i nr*, win i» tb# I'lpri 
deposits are of fresh- waiter origin, the sedinientatifin ua. i <i|ji wdlci'!! jid» n 
into Tertiary time, and tlni wh(»le of the suei'esHion of -‘dirttiit rrf.'rabl* f <, f b«- FM^riM- f.rn 
was de^josited in lakes or riviTs. 'fhe fiMHiln imdinh' i,tMr<;rd, 

FUmorhis, HuUnufa, Arluftlna^ aiaitAiitt, Ac,, Mil'o %rnrmv'^> '4 

fishes, inseetH, and mammal h f/YAro/Z/c/vh/ir//, Annhitfn an A 

Westward from this regien of terrcHtria! waters the luo.-.t .liHimnu*’ oe iJd-» i *.i ih*’ 
Eocene sindes is the massive limehtom- which picmmis ib»« nniyiiiulili' i.i* I'-'i !.»' 

immediately referred to, ami in smye {iIuccm iiifain'* a great dtn-i-h^pmiiif, hh ur-u Ib'yiilz, 
where it is more than 3000 feet thii-k. 

Southern Europe.— The (tontrast hetwcmi the fach-. <»i' ihr Ti .c 
north-western ami in southern EurojH'. is repeatetl with even gie.airi di itue ifn’..-, m f|ir 
Eocene scries of deposits. From the Maritime Alps info tbs- A|«iiii 5 iiei mei f^urrc, 


boiiian,’’ from Prialmna in the Eugaiuean Hills, where the -^oMtijern lypr of flie well 

shown. 

^ This stage has received the name of “ Hartoiimii,“ from f|,i. Eiiglidi ltaii,<iii H«y, 

«. ViiHsevir, Ann. Ad. (ihl. xiii. (1881). llfdHTt. U. S, H, K (Il| ilHV*!, p, Mill. 

^ Matheron, /L A, (». F. 3** Her. iv. ; (t. Vasseur, Soi$‘ prt'limnimrf '>itr is rtm'4itiiu^m 
du Bassin Tertiaire d’Aix-en-Provenc.e ” 18i»7. 
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f.J ^ «' 
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.iirJ. 
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I vOi r : 

I.. .v . 


11 - 
It J 


4. 

!l 

?! < *. 
n> •»-(,.'* 
•Ji'' .t 4 


i i i< 1 * iis.ii* 1111*1 tli« Hulkiin info A.sia Minor, and llieiKJo through 

itji i {j >ilia i!i Anirii nil th«' ori«^ Mid**, nad through IVu-.sia and t;ho lieart of Asia 
, , M» I !nii4 and .l4|iiit «m th** otloT, a Kc.rii's of nniHsive limestones has been 
h, !i en da' .d4aidine»* of tludr nluiraeteristii^ f(>ranunifbra, have been 
|jno*4<nie, iddik** th»‘ thin, soft, inode.rn -looking, undisturbed 
i jo II- 4, linn'iltuie:-* attain a depth of soinctinies several 

• oapi' t. Min.-timi'i erystalline roe.k, juissing even into marble ; 
le i -in i h-e tur*'*! un siuh a <'oloss:il H<‘al(; that tlndr strata have 
>Uy ?.in •H' U -i H«»iin*tinn*s ]U,(K)(), and in the Himalaya range 

? .shM\r ih* •a. With tin; limestoiHiH is assoeiated the sandy 
nuird S*nd 4 Miir. I’in- niassive unfossirderous Vienna sandstone 
4 ^ pi«*hai.ly in part ( ’retaee.ous, are also Jiartly referable 
^ < »fo »)f tin- nmst n-markabh* h-atures of these Alpine 
>• hi th'-m *d’ eiars*' f’*»nglonH*.rat(;.s and gigantic erratics 
* , A » I II *a4 ai th«' n*Mgh tonrhood of Vienna, and westward 
n Hi r.iv^rsi, in-n Hahk*’r»*n and in other ]daces, ldo(d-cs of 
i -‘.jnpiv or in groups in tlui Koceiie strata. These 

?M h a ^ nio4 p« i} tigrapid*':d re.semhlance., not: to any Alpine 
I*. I. ! ii» S.,ii!h*’rii ikdamda. Their pre.senee lias been, thought 
-d 4-1 n ! > in 5he uiittlh’ of ICiirope, during some part of the 
IvH-mo' *l»’p<*Hit of tlu*. Alpiiu', region is the coal- 
m N*»Hle rn 'ryr*d, where a seam of eoul occurs which, 

. 4 in." H ol :?2 h'*d. 

h.i i h.-*'n «hvi*l.'*l iitl*» .stages in diil’erent rt'gion.s of its 
I. -IT* bi«» n inadr hy no'itirH (d‘ the iu<du(h‘d fossils to parallel 
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*id*»hvrdonH in the Anglo- Ihrisian ba.sin. But 
• ». ‘Iil!» s*nf ihat nuch i-orrelations umst he regarded 
h' In the Northern Alp.s (Bavaria, ike.) GUnibcl 


■.U;d*‘ 


rp|-M Km 


K5.s 


. •«n «' 


unhiding yomiger Nummidiiie beds 

giiM-nbij santly strata ahoimdiug in 
,i.iid*’iM'«* witii 111*' Caleai re drossier. 




fJ l.u, 
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■■Iddd 


r- 1 .*1 
It -v 
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.. iV M. 

-o, 

I- 

%|:»tgMV4n!, 


u N ili'H-u .hioii. I’ll. Kuehs, lor instance, 

.Privri from tiupfive *lisehurges .sneli as those ot 
■V. p. otU*, Jir//. dVe/. llrirJisHiisL 1878, 

p.Mil, wIm* l<iok«*«l on the Flyneli as a noiiiial 
e t I '^77. p. 1-d ; Vrrh. (n'nL Itr.irJi.sifiisL 1878, 
reganted ns a deejesea deposit, by 
Uhn.’vnr, Arrh. Sn. Wad (/niera, 

AVer, J,ihrh. 1877 ; Hehardt ami Favre, 
H’iU d»' A'.e.jd,' Ar. KHH". KlUlilmami, ‘ description du 

I ,rl.- Hiii .e.; IHHtk K. SiU2.;o, JhdL 

i Ih iioir, ‘ Venueh einer ( lasHilicatioii de.r tertiar 
r f l^oT. Ttie Klyte-h is usually e.omt)arativcly 

, / ^ -...Inoiiu fiiroidH. In some of its later portions 
in . ertaiu layers. ('. Mowh, lirilrilf/e (UoL 
/. p. 8;>’l. 

I .d. 4 h‘- - |.eu- of the {‘reiaeeoUH, at tlu* eml of the. .Koeeiie, 
I »4 mua Tuihi) has been regarded by some 

u.ilHT7np. ; Hihardt, Mhunh^s Geologiqucs 
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Burberg beds — greeusaiid with small Nummulites and Exogyra Brongniarti, 
answering possibly to the upper part of the lower Eocene beds of the Anglo- 
Parisian area. 


In the southern and south-eastern Alps the Eocene rocks attain a much larger 
development The following subdivisions in descending order have been recognised : ^ — 


^ o J 
o I 




Macigno or Tassello, having the usual character of the Vienna sandstone. 
No fossils but fucoids. 

Fossiliferous calcareous marls and shales, amd thick conglomerates. 

Chief Nummulite limestone, containing the most abundant and varied de- 
velopment of nnmmulites, and attaining the thickest mass and widest 
geographical range. 

Borelis (Alveolina) limestone, containing numerous large foraminifera of the 
genus Borelis. 

Lower Nummulite limestone, with small nummulites, and in many places 
banks of corals. 

Upper Foraminiferal limestone, containing also intercalations of fresh-water 
beds {Char a). 

Cosina beds, with a 2:)eculiar fresh -water fauna [Stoinatopsis, Mela^via, 
Chara, &c. ). 

Lower Foraminiferal limestone, with numerous marine mollusca {Anomia, 
Gerithium., &:c.), and occasional beds of fresh -water limestone {Chara^ 
Melania, &c. ). 


In the central part of the northern Apennines Professor Sacco regards as Eocene a 
mass of strata 5500 feet thick, which he subdivides as follows : — 


Grey marls wdth sandy calcareous layers ; numerous fossils {Zoophy- 
cus, Lithothaviniwn, Nunim.nlites TchihaUliejji, N. striata, Orhi- 
tokles radians, Operculina, corals, bryozoa, crinoids, &c.) 

'A thick series of marly and shaly limestones (Flysch), alternating 
with sandstones {Helminthoidea lahyrinthica, Chondirites, and 
other fueoids). Roofing slates. 

Shales and sandstones (Macigno). 

Sandy greyish and brownish marls with calcareous sandy l)e(ls 
[Lithothamiimni, Nummulites hia'/ritzensis, N. La'tnarcki, N. 
lucascuius, Assilina exponeus, A ^ granulosa, Orhitoides, Opercu- 
< Una, Alveolina, corals, echini, crinoids, fish-teeth, &c.). 

foo ^metres brown marls, sandstones and limestones. 

To the Upper Eocene series of this region has been assigned a great series of serpen- 
tines, gabbros, diabases, soda-potash granites, and other eruptive rocks, with tuffs and 
conglomerates, marking copious marine volcanic activity.-* 

India, &c. — As above stated, the massive Nummulitic limestone extends through 
the heart of the Old World, and enters largely into the structure of the more important 
mountain chains. In India a tolerably copious development of Eocene rocks has been 


Bartonian. ( 
100 metres. 


Parisian. 
1500 metres. 


^ Von Hauer, ‘Geologie,’ p. 569. For an exhaustive account of the stratigraphy and 
palaeontology of the Libnrnian stage, see G. Stache’s great monograph, ‘Die Libnmische 
Stufe,’ Ahhandl. k. k. Oeol. Reichsanst. xiii. 1889. On the classification of the older Tertiary 
formations of Austria, consult Tietze, Z. D. G. G. xxxvi. (1884), p. 68 ; xxxviii. (1886), p. 
26 ; T. Fuchs, ojn cit xxxvii. (1885), p. 131. 

, ^ Professor Sacco has contributed many papers on this subject. See, for example, B. S, 
G. F, (3) xvii. (1889), p. 212, and a series in Boll, Soc. Geol. Ital. (from 1892 onwards) xi. 
xii. xiv. xviii. Professor Trabucco, C. de Stefani, B. Lotti, and 0. Marinelli have also written 
on these regions. 

^ C. de Stefani, Boll. Soc. Geol. Ital. viii. fasc. 2 (1889) ; a copious list of previous 
writers on the subject will be found in this paper, also B. Lotti, ‘ Descrizione Geologica dell’ 
Isola d’Elba,’ Rome, (1886), p. 68. 
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observed, but it is not quite certain where their upper limit should be drawn so as to 
place them on a parallel with the corresponding groups in Europe. The following 
subdivisions in descending order are observed in Sind : ^ — 

Nari group. Sandstones without marine fossils, but containing fragmentary plants, 
and probably of fresh- water origin, 4000 to 6000 feet, with nummulitic limestones 
and shales in the lower part, rejmesenting, perhaps, Upper Eocene and Oligocene 
or Lower Miocene beds of Europe. 

Kirthar group. A marine limestone formation in general, but passing locally 
into sandstones and .shales, 6000 to 9000 feet. The massive nummulitic lime- 
stone of this division forms all the higher ranges in Sind. 

Ranikot beds — sandstones, shales, clays with gypsum and lignite, 1500 to 2000 
feet ; abundant marine fauna, including Nummidites spira. N. irregularis^ 

N. Lcymeriei, together with Nautili, Terebratulm and other fossils of Cretaceous 
affinities. 


Along the southern front of the Himalayan chain a vast succession of Tertiary 
deposits exists, of which the older part includes thick masses of nummulitic limestone, 
no doubt a continuation of the Eocene formations of Southern Europe, while the upper 
part (Siwalik series) is made up of subaerial or fiuviatile accumulations of later (partly 
Miocene) date. In the Simla district the lower Tertiary or Sirmur series contains the 
following subdivisions : — 

Kasaruli group of .sandstones, containing no fossils but remains of plants, and prob- 
ably of fluviatile or subaerial origin. 

Uagshai group of hard grey .sandstones and bright red nodular clays ; generally un- 
fossiliferou.s, yielding only fucoid markings and annelid tracks. 

Subilthu group of greeni.sh and red gypseous .shales and impure limestones, with 
.shales and some poor coal. The group contains numerous marine fossils and is 
of the age of the upper part of the thick nummulitic series of the north-west 
area. 


Farther west the nummulitic series attains a great thickness. In the Salt Range its 
principal member is a fine compact gi'ey or white, fre([uently cherty limestone 400 or 
500 feet thick, which is unconformably surmounted by the Upper Tertiary series. Be- 
neath it lie some shales or clays 50 to 100 feet thick including one or more coal-seams. 

North America. — Tertiary formations of marine origin extend in a strip of low 
land along the Atlantic border of the United States and Mexico, from the north of New 
Jersey southward through Delaware, Maryland, ATrginia, the Oarolinas, and Georgia 
into Florida and round the margin of the Gulf of Mexico, whence they run up the valley 
of the Mississippi to heyond the mouth of the Ohio. On the western seaboard they 
also occur in the coast ranges of California and Oregon, where they .sometimes have a 
thickness of 3000 or 4000 feet, and reach a height of 3000 feet above the sea. Over the 
Rocky Mountain region Tertiary strata cover an extensive area, but are cliiell}^ of fresh- 
water origin. 

In the States bordering on the Atlantic the series of deposits classed as Eocene 
is well developed in tliat portion of the Tertiary belt traversed by the Potomac River, 
where it presents the following section of about 300 feet of strata, which are regarded 
by Profe.s.sor W. B. Clark as representative of the lower and middle Eocene divisions of 
the Gulf States, with perhaps some portion of the upper groups also.'^ 


rg ^ Ph r Greensand with Ostrea sellnifimnis^ Pectwiculus idoneus^ Protocardia 
o o 4 virgiuiana ........... 

O f Greensand with few fossils, cliiefly Yenericardia pla.nicosta 


Feet. 

40 

50 


^ ‘Geology of India,’ 2nd edit. chap. xiv. 

^ ‘Geology of India,’ p. 352. 

W. B. Clark, B. U.S. G. S. No. 141 (1896), pp. 41, 58. 
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f Greenish-grey argillaceous sand *. . 

Greenish-grey argillaceous sand with hands of gypsum crystals 
Light-grey greensand with . 

Greenish-grey argillaceous sand ........ 

Indurated argillaceous sand (with some specimens of \\‘neri(Kvrdm xYciiii- 
coda) ............ 

Green ish -grey sand, somewhat argillaceous . . . . 

Thick-bedded indurated greensand, the layers of which are almost entirely 

made up of Tiirrifella Mortoni . 

Characteristic light greenish-grey greensands and greensand-marls, with 
TurriteUa MoiionU T. hnmerosa^ Qucidlmct gigantea, Crassatella ahe- 

formis, Odrm comjoressirostra, &c 

Greensand witli fragments of shells of lower beds ..... 
Greensand full of the common fossils of the underlying strata, and also 
several species of corals {Eupsammia elahorata, Turhinnlia acuticostata, 

Paracyctthvs [1) Clarkeanus) . 

Persistent band of indurated calcareous greensand crowded with fossils, 
which besides those characteristic of the beds below include conspicu- 
ously Pholadomya marylandica^ Panop^ea elongata^ Tellina virginiana, 
Calyptreea aperUi {trochiformis), Fiisus trabcatus, &c. 

Typical greensand with Crassatella ala’/onnis, Meretrix {Cytherea.) ovata, 

Dosiniopsis IcntlcAdaris^ kc 

Indurated highly glauconitic greensand or limestone filled with casts of 
the same shells as in the bed above, together with Ostrea compressirostra, 

and a few of TurriteUa Mortoni 

Dark greensand crowded with the same .shells, and especially with Orassa- 
iella almformis^ Dosiniojysls lenticular is, and Meretrix {Cytherea) ovata. 
Greensands, at times argillaceous, but almost wholly unfossiliferoiis ; at 
the base lies a pebble-bed which sometimes rests on the Cretaceous 
formations ........... 


Feet. 

25 

4 

3 

8 

2 

25 

14 

30 

7 

1 

2 

8 


3 


12 

60 


Besides the fossils enumerated in this table these deposits have furnished a number 
of species of forarninifera {Spiroplccta, Nodosaria, Vaginulina, Oristcllaria, Poly- 
morphina, Glohigcrina, PulvmuUna, &c.), also species of Anoynia, Pecten, JSFuculana, 
Peney'icardia, Astarte, Luciua, Corbula, Natica, Mib'a, Eolutilithes, together with some 
fishes {Galeocerdo, Odontaspis, Oxyrhina, Lamiia, Carcharodon, Myliohatis), ehelonians 
{Trionyx) and crocodiles {2Viecachaynpsa)d 

In the State of Mississippi the Eocene strata are well developed and have been sub- 
divided into five groups, as in the following table : - — 


5. Vicksburg beds (Orbitoitic) which run in a narrow band through Alabama, 
Mississippi, and Louisiana, covering the greater part of Florida, and extending 
into Georgia and Texas. These strata in Mis.sis.sippi are composed of a low'er 
ferrugii^ous rock (Red Bluff) 12 feet thick, and a set of crystalline limestone.s and 
blue marls (80 feet) resting on ligiiitic clays and lignites (20 feet). Among the 
fossils are Ostrea gigantea, Pecten. Ponlsom, Cai'diuin diversum, Yenerkardia 
planicosta, Panoprea oblongata, Cypnm lintea, Mitra mississippiensis, Cassi- 
daria lintea,, Oonns sauridcns, Aladrepora mississippiensis, Flahellum Wailesii, 
Orbitoides Mantelli. The last-named fossil is .specially cliaracteristic, and is 
found also in the West Indies, Malta, and the Tnrco- Persian frontier. 

4. Jackson beds (“Wliite Limestone” of Alabama), wliite and blue marls 
underlain by liguitic clay and lignite (80 feet), with Zeuglodon macrospondylvs, 
Yenerkardia planicosta, Cardium Nicnlletl, Nuculana multilineoM, Corbula 
hkariyiata, Pi-ostellaria velata, Yoluta dumosa, Aliira dumosa, Conus tortills, 
Cyprsea fenestralis, kc. 

3. Claiborne beds, white and blue marls, and sandy beds with numerous shells 
which indicate a horizon equivalent to that of part of the Calcaire Grossier of 
the Paris basin. 


^ W. B. Clark, oy). cit p. 58 seq. 

^ A. Heilprin, ‘ Contributions to the Tertiary Geology and Palaeontology of the United 
States,’ 1884 ; Proc. Acad. Philadelph. 1887. 


SECT, i § 2 


EOCENE SERIES 


1243 




’Ti 

ri 

g 

*2 a 
05 o ^ 


"o ft 




2. Bulirstone (Siliceous Claiborne), sandstones and siliceous impure limestones 
with Claiborne fossils (400 feet and upwards). 

1. Lignitic sands and clays, with marine fossils, and with interstratified lignites 
and plant-remains {QuercuSj Fopulus, Ficus, Lanrns, Persea, Cornus, Olea, 
Rhmniius, Magnolia, &:c.). 

Over the Rocky Mountain region and the vast plateaux lying to the east of that range 
especially in Utah, A\^yonung, Colorado, and IsTew Mexico, the older Tertiary formations 
consist mainly of fresh-water strata of great thickness, the extraordinary richness of 
which in vertebrate and particularly mammalian remains, already referred to (p. 1227), 
has given them a high importance in geological and paheontological history. The 
following subdivisions in descending order have been adopted : ^ — 

("Uinta group (800 feet), developed to the south of the Uinta Mountains in 
Utah, includes three fossiliferous horizons : c, the UjDper or true Uinta, 
containing Hyopsodus, Paramys, Prodaphasmis, O.cysenodon, Mesonyx, 
Fpihippus, Isectolophus, Triplopus, Amynodim., Telmatotherhim, 
Palfeosyops, Eiplacodon, Bunomeryx, Leptoreodon, Eomeryx, Protelo- 
thermin; B, the Lower Uinta or Telmatotherium beds, containing 
Prodaphsenus, Oxyaenodon, Telmatotherium (several species), Palwo- 
syops, Leptoreodon, Protelotherium j and A, which is probably the 
equivalent of the upper part of the Bridger group below. 
l'"Bridger group (2000 feet), so named from the Fort Bridger basin, remark- 
able for its abundant and varied fauna, which includes numerous 
lemuroids {Hyopsodus, Microsyops, Notharctus, Omomys, Anapto- 
inorphus), rodents [Paramys, nearly a dozen species), creodonts {Miacis, 
Viverravus, Sinopa, Patriofelis), tillodonts [Tillotherimn), edentates 
{Stylinodon), amblypods {Uinto.therium = Deinoceras and Tinoceras, 
between 30 and 40 species), primitive forms of horse [Orohippus, &c.), 
hyi'acodoiits {Ilyrachy^is, seven or more species), titanotherids (Palfeo- 
syops, Telmatotherium), ungulates [Horaacodon, &c.), insectivores, bats 
and tapirs. 

['Wind River group (800 feet) from the Wind River in Wyoming. Among 
its characteristic vertebrates are species of Hyopsodus, Pelycodus, 
Mierosytps, Paramys, Viven'avus, Uintacyon, Siuopa, Esthonyx, 
Pheuacodus, Coryphodo7i, Bathippsis, Hyracotheriinn, Protoroh qpns, 
Lamhdotherium, Heptodou, Telmatotherium. 

[^Wasatch group (2000 feet) named from the Wasatch Mountains in Utah, 
{Hyo 2 }sodus, six species; Pelycodus, live species ; Paramys, Viverravus, 
Uintacyon, Palaxm'mpa, Siiupa, seven s})ecies ; Oxyrena, PaUvonictis, 
Pachytvna, Esthonyx, Calarnodon, Pheuacodus, Meniscotheriirm, 
Coryphodan, nine or more species ; Ilyracotherium, Syslemodvn, Trigo- 
nolestes. 

I^Torrejon group (300 feet), from a locality in north-western New Mexico 
where the strata were studied. The fauna is marked by the absence of 
many of tlie cliaracteristic forms of the later formations, and by tlie 
]iresence of Ptilodiis, Fenplagiaidax, Chirox, ludrodon, Mixodectes, 
Tricentes, Chrlacns, Deltatherium, Uoniacodrm, Bissacus, Clm7iodon, 
Pexiptychus [Catathhuus) Eup/'otogojiia, Mioclaoius, Pantukunhda, 
Psittacotheriim, Coiiorijetes. 

[^Puerco group (500 feet), from the Puereo River, New Mexico, containing 
a fauna which is believed to be older than any mammalian fauna in 
Europe. The strata of the group immediately overlie the Upper 
Cretaceous formations and contain Poly77iastodon, Neopda giaulax, 
Protochriaens, Triisodon, Oxyacodou, Periptychus [Catathlwus), 
Conctcodo7i, Protogonodon, Ilemiganus, Onychodectes, &e. 

The various deposits enumerated in the foregoing table, whether they are regarded 
as having been laid down in lakes or spread out subaerially by running water, occupy 
detached though extensive areas, and their stratigraphical sequence cannot in many 
cases be determined by actual superj)osition. They have consequently been to some 
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^ H. F. Osborn, Bull. Amer. AIus. Ned. Hist. vii. (1895), p. 75 ; viii. (1896), p. 157 ; 
W. D. Matthew, op. cit. xii. (1899), p. 19.* 
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extent correlated on the basis of palseoiitological evidence. Such coiTelation may not 
be always accurate, for the evidence is sometimes incomplete, and may be misleading. 
The difficulty of making a satisfactory parallelism is well brought out by the history 
of the Tertiary formations of the Denver basin, Colorado. The strata originally 
grouped there under the name of Laramie ” have been found to comprise three 
formations : (1) ji lower member, 700 to 800 feet thick, conformable with the Cretaceous 
Fox Hills group, containing productive coal-seams and a flora and fauna characteristic 
of the Laramie group as now understood ; (2) a middle member, called the Arapahoe 
group, 600 to 800 feet thick, resting on the first un con form ably, with a conglomerate 
at its base, containing pebbles of the underlying formation and other older rocks ; (3) 
an upper member, the Denver group, 1400 feet thick, iinconformable to the middle 
division, and largely composed of the debris of andesitic lavas. The strong uncon- 
formability between the true Laramie beds (Ho. 1) and the overlying formations indicates 
a prolonged interval of time. The Arapahoe and Denver groups have yielded a 
considerable number of plants and vertebrates, but some difference of opinion exi.sts as 
to the' conclusions to be drawn from the collections Avhich have been made. Marsh 
regarded his “Ceratops beds” as Cretaceous, from which many of the animal remains 
came. On the other hand, Cope and Osborn have suggested that the assemblage of 
fossils rather resembles that of the Piierco group. ^ In Southern Colorado the 
Eocene strata have been described as 7000 feet thick, resting unconformably on the 
Laramie series. The lowest member (Poison Canon), 3500 feet thick, and the next 
division (Cuchara), 300 feet thick, are classed as Lower Eocene ; the upper (Huerfano), 
3300 feet thick, is believed to be equivalent to the Bridger group.- 
. On the Pacific slope Eocene formations attain a thickness of several thousand feet 
in California and Oregon, where they form the Tejon series. In their lower parts they 
consist of conglomerates which pass up into sandstones and these into shales. In 
north-western Oregon they include basalts and tuffs below, covered l)y thick shales 
containing much material of igneous origin, wliile in the upper part massive sandstones 
predominate. The tuffs were of submarine origin, for they contain Modiola, Tim'itella, 
Ostrea, and other shells. The shales have yielded Liomrdium linicuin, Vemrivurdia 
planicosta, Modiola ornata^ with occasional intercalations of plant-bearing sediments 
and coal-seams.'^ 

South America. — The stratified deposits of Patagonia have given ri.se to much 
confusion of description. From the latest descriptions of the geologists of the Princeton 
University Expedition, it would appear that the uppermost (Guaranitic) Cr(daceous strata 
(p. 1218) w^'ere deeply eroded before the deposition unconformably upon them of the oldest 
Tertiary formations, and that the supposed coexistence of Cretaceous and later Tertiary 
mammalian types has arisen from inaccurate observations of the stratigrajdiical relations 
of the rocks. After prolonged exposure and denudation of the Cretaceous Heric*.s the 
region subsided under the sea, which then laid down the oldest Tertiary deposits, known 
as the Magellanian series. From the marine fossils contained in tliem, these strata are 
regarded as of late Eocene or early Oligocene age. They include leaf- beds, and in their 
upper parts several seams of pure lignite varying from a few inches to ten or twelve 
feet in thickness.'* 

Australasia. — Vast areas in this region are covered w'ith strata that sometimes attain 
a depth of several hundred feet, containing both terrestrial and marine deposits, whicli 

* Whitman Cross, Amer, Journ, ScL xxxvii. (1889), p. 261 ; xliv. (1892), p. 19 ; I^roc. 
Colorado Sci. Soc. Oct. 1892 ; Mo7wgraph U.S. G. S. No. xxvii. (1896), p. 155. In this 
la.st-named essay the difficulties of correlation are stated in much detail. 

R. C. Hills, ProG. Colorado Sci. Soc. iii. (1888), p. 148 ; (1889), jn 217 (1891). 

J. S. Diller, ‘A Geological Reconnaissance of North-Western Oregon,’ 17 th Ann. Rep. 
U.S. G. S. 1896. • 

J. B. Hatcher, Amer. Jouni. Sci. ix. (1900), .p. 97. 
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have been grouped with, more or less confidence according to the accepted classification of 
the Tertiary formations. It is at least certain that a succession can be traced among them, 
with an increasing proportion of recent spepies in the younger imrts of the series. Through- 
out the whole of Eastern Australia, including most of New South Wales and Queensland, 
no marine Tertiary fossils have been discovered. In the south-west of New South Wales 
and in Victoria, previous to the eruption of basalt-sheets and tuffs, an extensive series of 
conglomerates, siliceous sandstones, clays, ironstones, and lignites was deposited in 
valleys and probably lake-basins. On the Dividing Range these strata rise to 4000 feet 
above the sea. At Bacchus Marsh in A^ictoria and elsewhere they have yielded leaves 
of Laurus, Cinnaonomum, Ginkgo, Lastrs&a, Taeniopteris, &c. Above these plant - 
bearing beds, which have been regarded as Lower Miocene, but may be Eocene or even 
Cretaceous, marine deposits supposed to be Middle and Upper Miocene occur on the 
flanks of the Dividing Range of Ne’w South AVales up to heights of 800 feet. In South 
Australia and Victoria extensive marine accumulations of clay, sand, and limestone, 
often underlying widespread basalt-plateaux, have yielded numerous foraminifera, 
especially at Mount Gambier and Murray Flats in South Australia ; upwards of 50 
species of corals, which are only slightly related to the living species of the surrounding 
seas, but include three European Tertiary species ; ^ many echinoderms and polyzoa, and 
a large luolluscan fauna, in which tKe genera Waldheimla, Ciiculhm, Pectiaicuhis, 
Trigonia, Cyprma, Fusus, Ealiotis, Murex, Mitra, Trivia, Turritclla, Valuta, kc., occur. 
The vertebrate organisms consist of fishes (including the world-wide genera Cardiarodon, 
Lccmna, Odontaspis, Oxyrhina), a few marsupials {Bettongia, Nototherlum, Phascolouiys, 
Sarcophilns), with some marine mammalia {Squalodon, Arctocephal us). At the head of 
the Great Australian Bight, an Eocene chalk-rock 'with flints and polyzoan limestones, 
forms cliffs about 250 feet high, but descends more than twice that depth beneath the 
surface. In South Australia the older Tertiary deposits have been divided by Professor 
Tate into four groups, which in ascending order are : (a) Inferior marine beds, chalk- 
rocks, clays, and limestones ; (5) Lower Murravian sandstones wuth Zeuglodon, Loi'ciiia, 
Magasella, Megalastcr ; (c*) Middle Murravian limestones and sandstones, with an 
abundant and varied marine fauna {Cardiarodon, Lamna, Odontasjns, Nassa, Ancilla, 
Cassis, Volida., Marginella, Mangilia, Ccrithiiim, Conus, CanccUaria, Natica, Pccten, 
Lima, Spondylus, PFucula, Limopsis, Ohama, Chionc, llhyiidionclla, Tcrehmtvlina, 
Waldludmia, Terelmitula, Eupatagus, Bdtocyatlius, kc. ; {d) Upper Alurravian oystei-- 
Ijeds and. sandstones {Trigonia, Pectimcidus, 2'ellina, Macira, Cl ijpcaster, ko..). 

In Tasmania an important series of older Tertiary deposits has also been found. 
At the toj), leaf-beds, lignites, and beds with marine fossils occur, associated with 
extensive sheets of felsi)ar-basalts and tufls. The tuffs have yielded Hypsiprhnnus and 
Phascolomys, Next comes a great series of sandstones, clays, and lignites, varying 
from 400 to 1000 feet in thickness, and sometimes, as in the Launceston basin, covering 
an area of at least 600 square miles. This series encloses a rich flora, including species 
of oak, elm, beech, laurel, cinnamon, and araucaria, with fruits of proteaeeoiis, 
sapindaccous, and coniferous trees. The fresh-water and terrestrial character of the 
deposits is further confirmed by the occurrence in them of Unio, JHclix, Vitrinn, 
B/dimus, kc. The third group in descending order is of marine origin, and is well seen 
at Table Cape. It consists of shelly limestones, calcareous sandstones, coral-rag, and 
pebbly bands, and is replete with fossils, only from 1 to 3 per cent of the shells 
belonging to existing species. Characteristic forms are Valuta antidngulata, Cassis 

1 Duncan, Q. J, (L N. 1870, p. 313. See also papers by A. C. R. Selwyn, “Report on 
Geology of Melbourne,” kc., Pari. Papers,l%^A-^6 ; ‘Exhibition Essays,’ 1866. J.E. Teiinisoii 
Woods, q. J. C. N. xvi. p. 253 ; Proc. Roy. Soc. Tasmania, 1876, p. 92. F. M‘Coy, ‘Exhibi- 
tion Essays,’ 1861, p. 159. G. B. Pritchard, Australasian Assoc. 1895 ; “On Tertiaries of 
Australia, with Catalogue of Fossils,” Adelaide Technological Museum, 1892 ; and joint 
papers with Mr. T. S. Hall in Proc. Roy. Soc. Victoria from 1893 onwards. 
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sufflatus^ Cyprsea Archeri, Ancilla mucro7iata, PanopiWt Agneici, JValdhewiia gari- 
balcliana, Lovcnia Eorhesi, Cellcpora gamhierensisA 

In New Zealand, rocks believed by Sir James Hector to be partly a Cretaceo-Tertiary 
series are mainly composed of a shelly calcareous sandstone with corals and polyzoa, 
which in its lower part passes occasionally into an imperfect nummulitic limestone 
(Nummulitic beds, Hutchison’s Quarry beds, Mount Brown beds). Volcanic action 
was greatly developed during the deposit of these strata in both islands. . Hence inter- 
bedded lavas and tiilFs are frcqLiient, and in the North Island the calcareous deposits 
are often wholly replaced by wide-spread trachyte-flows and volcanic breccias. - 

Captain Hutton has proposed a separation of the younger deposits of the colony into 
three formations : 1st, Waipara (Cretaceo-Tertiary of the Geological Survey, now regarded 
by him as probably Upper Cretaceous), consisting of argillaceous limestone and calcareous 
sandstone, underlain by marl and other sandstones with a maximum thickness of 
about 1200 or 1300 feet ; the lower strata contain brown-coal, and among the plants 
are Amiimria, Flcchellaria, Cinnamomum, and a number of genera still living in New 
Zealand, such as Panax, Loranthus^ P'agiis, Dammara, Podocarpus, Dacrydium. 
Higher up come marine sediments, enclosing species of Ostrea, Pectcn, Pcrna, Tellincb, 
Trigonia, Inocerainus, Belemnites, Ammonites, Scaphites, together with remains of 
fishes {Myliohatis) and marine saurians [Cimoliosaumis, Polycotylus, Leiodon). During 
the deposition of the older rocks of this division volcanic activity showed itself along the 
western margin of the Canterbury plains, the earliest eruptions consisting of rhyolite 
followed by dolerite and basalt. 2nd, Oamaru (Upper Eocene of Survey), regarded by 
Captain Hutton as Oligocene {posted, p. 1261); and 3rd, Pareora (Lower Miocene of 
Survey) considered by him to be Miocene (p. 1274).^ 


Section ii. Oligroeene. 

§ 1. General Characters. 

The term “ Oligocene” was proposed in 1854 and again in 1858 by 
Beyrich'^ to include a group of strata distinguishable from the Eocene 
formations of France and Belgium, and which Lyell had classed as “ Older 
Miocene.” They consist partly of terrestrial, partly of fresh-water and 
brackish, and partly of marine strata, indicating considerable oscillations 
of level in the European area. They 'consequently present none of the 
massive deep-water characters so conspicuous in some of the Eocene 
subdivisions. Among other geographical changes of which they preserve 
the chronicles is the evidence of the gradual conversion of portions of the 
sea-floor over the heart of Europe into wide lake-basins in which thick 
lacustrine deposits were accumulated. Some of these lakes did not attain 
their fullest development until the Miocene period. 

The Oligocene flora, according to Heer, is composed mainly of an 

^ Mr. R. M. Jolmstoii, Registrar- General at Hobart, Tasmania, ‘Observations with 
respect to the Nature and Classification of the Tertiary Rocks of Australasia’ (1888), and 
his important volume, ‘ A Systematic Account of the Geology of Tasmania,’ 1888, pp. 208- 
295, where much information is also given regarding the geology of the other Australasian 
colonies. 

Hector’s ‘ Handbook of New Zealand,’ p. 28. 

Trans. New Zealand Inst, xix. (1886), p. 392 ; xxxii. (1899), p. 168. 

Monatshericht. Akad. Berlin, 1854, pp. 640-666 ; 1858, p. 51. 
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evergreen vegetation, and has characters hnking it with the living tropical 
floras of India and Australia and with the subtropical flora of America. 
It includes some ferns, fan-palms, and feather-palms {Sabal, Rhcenicites), 
a number of conifers (Sequoiaj &:c.. Fig. 469), cinnamon-trees, evergreen 




a, Se(iuoia Laiigsdorfli, Broiign. (J) (from Heer’s ‘Flor. Text. Helvetite,’ i. pi. 21) ; 
h, Ohara Lyellii, Forbes 


oaks, custard-apples, gum-trees, spindle- trees, oaks, figs, laurels, willows, 
vines, and proteaceous shrubs {Dryandm, Dryandroicles). 

The fauna displays a distinct advance on that of the previous period, 
and a nearer af)proach to that of the j^resent day. The nummiilites, 
though they no longer play the important part which they did in Eocene 
times, continue abundant in the southern regions of Europe, but rapidly 


h 


Fig. 470.— Oligocene LaiuHllil)ranelis. 

a, Meretrix (Cyiheroa) iticrassata, Sow. ( 3 ) ; h, Ostrea cyathula, Lam. (3). 




diminish in number and variety after the close of the Oligocene 
period. Coral-reefs may still be traced along the flanks of the 
mountain chain from the Pyrenees to the eastern Alps. The 
existing families of crinoids and sea-urchins have their representatives in 
the Oligocene fauna. Bryozoa are found in great profusion in the deposits 
of this period in North Germany. Among the Oligocene mollusca (Figs. 
470, 471) some of the more important genera are Ostrea, Pecten, Nucula, 
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Cardium, AErdrix {Cytlierea), CoiMcula, Cancellaria, ALurex, Fumis, Typliis, 
Pleurotoma, Vohitilithes, Gerithmm, Potamides, ATelania, PlanorbisA 

As a notable portion of the Oligocene series, both in the Old and the 
New World, consists of the deposits of lake basins, the fauna of the land has 
been preserved more fully than among the other older Tertiary formations. 
Especially remarkable is the. variety of insect life which has in this way 
been recorded. The most striking example of this variety and abundance 
is supplied by the small basin of Florissant in Southern Colorado, from 
which Mr. Scudder has obtained more than 1300 species, which embrace 
representatives of all the great divisions of insect life, including upwards 
of 30 species of spiders. Some idea may be formed of the richness of 
these strata from the fact that up to the year 1885 they had furnished 
more than 4000 specimens of ants. They have also supplied remains of 
birds, including even the feathers, together with relics of the flora 
of the surrounding land, and of the fishes that tenanted the lake.^ From 
the deposits left by the lakes in Central France we obtain a glimpse of 



the varied bird life of that region in Oligocene time. Thus from the 
lacustrine beds of the Department of the Allier no fewer than 66 species 
had been obtained previous to the year 1871, comprising parroquets, 
trogons, flamingoes, ibises, pelicans, marabouts, cranes, secretary-birds, 
eagles, grouse, and numerous gallinaceous birds — a fauna which reminds 
us of that of the lakes in Southern Africa.^ 

It is the mammalian portion of the fauna, however, which claims 
chief attention as evidence of the biological advance of the period. It 
shows a continual increase in variety of forms. According to Gaudry the 
following chronological sequence of appearances and disappearances 
during the Oligocene period have been noted in Europe.^ — 

^ For a list of British Oligocene iriollusca, see Mr. R. B. Newton’s volume cited on 

p. 1226. 

'•i £. U,S. a. K No. 93 (1892). 

^ A. Milne-Edwards, ‘Oiseaux Fossils de la France,’ 1867-71 ; Boyd Dawkins, ‘Early 
Man in Britain,’ j). 54. 

‘Les Enchainements du Monde Animal,’ 1878, p. 4. Compare the table, posted, p. 

1260. 
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Appearance of the genera Rhinoceros (?), Tcqnrus, Palxo- 
chccrits, shrew, Plesiosorex, Mysamchne^ mole, musk -rat, 
Potamotheriiim, PalaBonyctcris. The ruminants are as 
yet without horns ; the proboscidians have not yet 
appeared. 

Appearance of the genus Tetracus. Disappearance of 
Pahvotherimn and Anoq^l other ium. Reign of Hyopotam na 
and A nthracntherium. 

Appearance of the genera Cadiivcotheriuin, Ilyrachyus (an 
American genus), Enteladon, Anchracotheriuni, JDacry- 
thermm, Chalicotheriuni, Tragidohyus, Lo^hioineryx, 
llyivmoschus (?) Gelociis^ Dmnotheriuni, Thcreu.theriim., 
dog (?), civet, marten, Plesictis, PaUvogale, jElienctys, 
Rhinolophus, Xecrolern ur. 

The White River series of deposits in Dakota and other interior States 
of America (p. 1260) have furnished an abundant series of mammalian 
vertebrates, which continues and increases the astonishment with which 
the Eocene treasures of the West have filled geologists and comparative 
anatomists. The long list of fossils includes a number of marsupials closely 
allied to the living American opossums rodents, including Ischy- 

romys, Sciurus, Gyinnoptychus^ Eumys^ several beavers {Stemofiber)^ and some 
hares {Palmlagiis). The creodonts were represented around those western 
lakes by several sjDecies of Hymnoclon, the carnivores by canida^ 
{Daplmnos or Am^pMcyon, Cynodidis)^ weasels {Bnnmlurus or Palmgale), 
felidse (Dinidis, Hoplo^plwneus or Dregganodon, Ensmihis). There were like- 
wise insectivores (Idops), horses {Mesohippus or Anchitherium, Anchippus), 
lophiodonts (Colodon), tapirs (Profapims), rhinoceroses {Leptaceratherimiq 
Acymtherium, Ilyracodon, Mdamynodon)^ the gigantic rhinoceros -like 
Titan otheriuni, of which nearly 30 species have been determined,^ 
artiodactyl ungulates (Ilyopotamus, Elotheriwn), primitive ruminants 
{Agriocluerus, Oreodoiq Eporeodon, Mesoreodon, LfptaucJiema, camels of the 
genera Puehr other ium and Frotoaiert/x, &c., tragulid^e or clievrotains of the 
genera Leptorneryx, Plypertriujuhis^ Hygnwdus, and representatives of the 
allied family of protoceratidse (Protoceras), 

§ 2. Local Development. 

Britain. — Oligoceiie strata are confined to. one small area in this country. They 
occur in the HaiiJi)sliirc basin and Isle of Wight, where, resting conformably upon the 
top of the Eocene de|)Osits, they consist of sands, clays, marls, and limestones, in tliin- 
bedded alternations. They were aceiinmlated ])artly in the sea, partly in brackish, and 
partly ill fresh water. They were hence named by Edward Forbes “the fliivio-marine 
series,” and were divided liy him and W. H. Bristow into the following groups in de- 
scending order : “ — 

^ H. F. Osborn, Jhdl. A/uer. Mas. Nat. Hist. viii. (1896), p. 174. This observer has 
shown that the genera Aymborodun, JJiconodoiq Jiroutops, Tit(rno2JS, Allojis, JPqdacodon and 
PijdoGonus have lieeii fouiideil on differences of character arising from marks of sex, age or 
individual variability, and have no standing, all the forms designated by them being referable 
to Titawithermm. The American secpience of mammals is given, qiostea^ p. 1260. 

“Geology of the Isle of Wight,” Mem. (tcol. Nurvey, 2nd edit. (1889), p. 124. The 
grouping as there given has been slightly modified by Mr. G. Reid in the course of a re- 
survey of the Isle of Wiglit. Idie strata were formerly regarded as Upper Eocene. 


3rd fetage (Aquitan- j 
ian). — St. Geraiid' 
le-Puy(Allier), Cal- 
caire de Beauce 
part. 

2nd Stage (Stampiaii).h 
— Fontainebleau [ 
Sands, Ferte-Alais j 
(Seine-et-Oise). J 


-I 


1st Stage (Infra- 
Tongrian, Saniiois 
ian). — Calcaire de 
Brie, &c. 


fra- 

ois- 
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Ham stead Beds. — (5) Maniie stage with Corbula, Meretrix {CytJLerea\ 

Ostrea callifera, VoluUlUheSj JSfatka, Potamides^ and Melania . . 31 ft. 

(«) Fresh-water^ estuarine, and lagoon stage, with Unio, Corhicula, 

Splmnum, Vvm. 2 mrus, Stenothym, Melanoj>sis^ Planorbis, Putaviides 
(rare), turtles, crocodiles, mammals, leaves, and seeds . . . 225 „ 

Bern bridge Beds. — (b) Bembridge marls — a fresh- water, estuarine, and 
marine series of clays and marls, with Vivqjarus, Melania, Melanop^ns, 

Lininim, Co7'hicula, Unio, Osh'ea^ Meretrix, P^'eissensia, Nitcula 70-120 ,, 

{a) Bembridge Limestone — full of fresh -water shells {Lmmm, 

Planorbis, &:c.), and sometimes with many land-shells {Amphidnynms, 

Glandina, Helix, &c.) ......... 15-25 ,, 

Osborne Beds. — Marls, clays, shales, and limestones, with Lwimm, 

Planorbis, Viviparus, Melanopsis, Melania, Chara, kc,. . . 80-110 ,, 

Headon Beds. — (c) Upper stage, consisting of fresh-water clays, marls, 
and bands of limestone, with Erodomt [Potamoniya), Limmm, Corhi- 
cida, Unio, Planorbis, Viviparus, Melanopsis, &c. . . . . 40-60 ,, 

{b) Middle stage, clays, sands, loams, and limestone, with brackish- 
water and marine fossils (Potaviides, Melania, Natica, Ncritina, 

Pisania, Ancilla, Mei'ctrix {Cytherea), Psamnwbia, Ostrea, Corhicula, 

kc.) 30-126 „ 

(a) Lower stage, marls, clays, sandstones, and tufaceous limestones 
with fresh- and brackish -water shells [Limnn'a, Vivipao'us, Planorbis, 

Oorbicula {Potamoniya), kc.) ....... 60-157 ,, 

A large number of the marine mollusca of the Headon Beds range downwards into 
the Barton Clay, but about half are peculiar to the Oligocene series. Among the more 
abundant forms in the Isle of Wight are M&reti'ix {Cytherea) incrassata, Ostrea velata, 
0. flahcllnla, Nucula hcadoncnsis, Potamides {Batillaria) concavas, Melanopsis fiisiformis, 
Pisania labiata, Murex sexdcntatiis, Neritina apei'ta, W. eoncava, AncAlla buccinoides, 
Melania muricata, and several species of Canccllaria, Natica, Plcurotoma, and Voluti- 
lithes, with Balamis unguiformis. The estuarine and fresh -water strata are marked by 
species of Erodoiia {Fotamomya) and Corhicula, while the purely fresh-water deposits are 
full chiefly of Limineids belonging to the genera Limnsea and Planorbis, L. longiscata 
and P. euomphalus being perhaps the most abundant and conspicuous species ; Viviparus 
{Paludma) Icntus is also plentiful. Mr. Reid has remarked that every variation in the 
salinity of the water seems to have affected the molluscan fauna of the estuary in which 
these deposits were accumulated. When the water was quite fresh the pond snails 
flourished in abundance, and their remains were mingled with those of Unio and Helix. 
The gradual inroad of salt water is marked by the advent of Erodona {Potamoniya), 
Corhicula, Potamides, Melania, and Melanopsis, while the thoroughly marine fauna with 
volutes and cones shows when the sea had entirely replaced tlie fresh v'ater.^ 

The Bembridge Limestone, one of the most conspicuous members of the Oligocene 
series in the Isle of Wight, is a remarkable examjAe of a fresb-water limestone, full of 
fresh-water and terrestrial shells and nucules of Chara. The land-shells comprise tropical- 
looking gigantic species of AmpMdi'omus {A. ellipticus) and Clamdina {G. costellata). 
An interesting feature in the overlying Bembridge marls is the occurrence of a thin hand 
from two inches to two feet in thickness of a fine-grained limestone like lithographic 
stone, containing many insect -remains together with leaves and fresh -water shells. 
Some twenty genera of insects have been detected in it, including forms of coleoptera, 
hymenoptera, lepidoptera, diptera, neiiroptera, orthoptera, and herniptera.- 

The Hamstead (formerly Hempstead) beds form an interesting close to the Oligocene 
series. They consist chiefly of fresh-water, estuarine, and lagoon deposits. But they 
pass upward into a group of marine strata of which, owing to denudation, only about 
30 feet are now visible. Among the more abundant or peculiar of the shells in this 


^ C. Reid, ‘ Geology of the Isle of Wight,’ p. 147. 

2 H. Woodward, q. J. Q. S. xxxv. p. 342 ; C. Reid, ‘ Geology of the Isle of Wight,’ 
m 177. 
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marine band the following may be mentioned i~Ostrea call if era, 0. adlata (both peculiar), 
Merctrix {Oytherea) Lycllii, Corhula pisum, C. vectensis, Curna ‘inonoplex, VohitilitJics 
Rathieri,^ Potamides plicatus, P. Sedgivickii, Strclloceras cormwidcsl 

Consideiable interest attaches to the marine band forming the middle division of 
the Headon beds, as it serves for a basis of correlation between the English strata and 
their equivalents on the Continent. This band, so well seen in the Isle of Wight, 
occurs also at Broekenhurst and other places in the New Forest. It has yielded 
more than 230 species of fossils, almost all marine mollusks, but including also 
14 species of corals. Of these organisms, a considerable proportion is common to the 
Lowei Oligocene of France, Belgium, and Germany, and 22 species are found in the 
Upper Bagshot beds.- 

The Oligocene or huvio-marihe series of the Hampshire basin has likewise yielded 
vertebrate -remains such as characterise tlie corresponding deposits of the Continent. 
They include those of rays (Myliohatis), snakes {Paleryx), crocodiles, alligators, turtles 
{Ocadia, Irtohiyx, numerous species) and a cetacean {Bcilxuoptei'a 1) \ while from the 
Bembridge beds have come the bones of a number of the characteristic mammals 
{Anchilophus, Anthracotheruim, Anoplotherium, two species, Palxotherium, six or more 
species, Cheer opotam%Ls, Dichodon). The top of the fiiivio-niarine series in the Isle of 
Wight having been removed in denudation, the records of the rest of the Oligocene 
period have there entirely disappeared. 

For many years it was customary to consider as Miocene certain plant-bearing strata, 
of which a small detached basin occurs at Bovey Tracey, Devonshire, but which are 
mainly distributed in the great volcanic plateaux of Antrim and the west of Scotland. 
These strata have subsequently been regarded as equivalents of the Oligocene 
formations on the Continent. At the Bovey Tracey locality, which is not more than SO 
miles from the Eocene leaf-beds of Bournemouth and the Isle of Wight, a small but 
interesting group of sand, clay, and lignite beds, from 200 to 300 feet thick, lies 
Ijetvveen the granite of Dartmoor and the greensand hills, in what was evidently the 
hollow of a lake. From these beds, Heer of Zurich, who has thrown so much light on 
the Tertiary floras of both the Old World and the New, described about 50 species 
of plants, which, in his opinion, place this Devonshire group of strata on the same geo- 
logical horizon with some part of the Molasse or Oligocene (Lower Miocene) groups of 
Switzerland. Among the species are a number of ferns {Lastnva stiriaca, Pccoptcris 
(Osiiumda) lignitum, &c.) ; some conifers, particularly Sequoia Couttsifc, the matted 
debris of wliich forms one of the lignite beds ; cinnamon-trees, evergreen oaks, custard- 
apjdes, eucalyptus, sjiiudle-trees, a few grasses, water-lilies, and a palm (Pabnacites). 
Leaves of oaks, figs, laurels, -willows, and seeds of grapes have also been detected — the 
whole vegetation implying a subtropical climate.'^ Subsequently Mr. Starkie Gardner 
expressed the opinion that this flora is on the same horizon as that of Bournemouth, 
that is, in the Middle Eocene group.^ Mr. Clement Beid, also, has expressed the 
opinion that “the resemblance of the deposits and of their flora to the undoubted 
Bagshot [Beds] of Dorset is most striking. Still one cannot say that the botanical 
evidence is conclusive, for the species are few and greatly need re-examiuatioii. Other 

^ C. Keid, oj). cit. X). 20d. 

- A. von Kuiicii, Q. J. G. S. xx. (1864), p. 97. Diiiicaii, op. cit. xxvi. (1870), xx 66. 
J. W. Judd, op. cit. xxxvi. (1880), p. 137 ; xxxviii. (18S2), p. 461. H. Keeping and E. B. 
Tawney, op. cit. xxxvii. (1881), xn 85 ; xxxix. (1883), in 566. E. B. Tawney, Geol. Mag. 
1883, X). 157. W. Keeping, Geol. Mag. 1883, p. 428. J. W, Ehves, Brit. 1SS2. 

Sects. x>- 

Phil. Trans. 1862. 

“British Eocene Flora,” Palreont. Soc. 1879, p. 18. See also Q. J. G. S. xli. p. 82. 
The uncertainty hitherto experienced in the correlation of deposits by means of land-plants 
has been already referred to (pp. 832, 839, 848, 1034). 
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fossils are almost entirely absent.” ^ If this view be ultimately established, the volcanic 
rocks of the north-west of Eritaiii, with their leaf-beds, may be also relegated to the 
Eocene period. In the meantime, however, these various plant-bearing deposits are 
retained here in the Oligoceiie series as possibly equivalents of the brown- coal and 
niolasse of the Continent. 

Tire plateau.v of Antrim, Mull, Skye, and adjacent islands are composed of successive 
outpourings of basalt, whicli are prolonged through the Earoe Islands into Iceland, and 
even far irp into Arctic Greenland. In Antrim, where the great basalt sheets attain 
a thickness of 1200 feet, there occurs in them an intercalated hand about 30 feet thick» 
consisting of tuffs, clays, thin conglomerate, pisolitic iron-ore, and thin lignites. Some 
of these layers are full of leaves and fruits of terrestrial plants, with occasional insect- 
reniains. According to the data collected by a Comiiiittee of the Eritisli Association, 
upwards of thirty species of plants have been obtained, including conifers {Ciq)ressmoxylan^ 
TaxocUum, Bequoia, Pimts), monocotyledons {Phraginites, Poacitcs, Iris), dicotyledons 
{Sctlix, PopiUus, Abuts, Corylus, Querciis, Fagus (?), Platamis, Aassctjras, Acer, 
Andromeda, Vihiir^mm, Jralia, Fyssa, Magnolia, Rhammts, Juglans, In the 

west of Scotland the volcanic sheets attain still greater dimensions, reaching in Mull a 
thickness of 3000 feet, and there also including thin tuffs, leaf-beds, and coals. In 
Mull, Skye, and Antrim the terraces of basalt, with occasional comparatively thin bands 
of tuft* and sheets of rhyolitic and trachytic lavas, form a noble example of the extra vasa- 
tioiiof great piles of molten materialwithout the formation of central cones or the discharge 
of mucli fragmentary matter (p. 345). They have been invaded by huge bosses of 
gabbro and of various granitoid rocks, whicli send vein.sinto and alter the basalt. They 
are likewise traversed by veins of pitchstone, but more especially by prodigious iiumberi 
of basalt-dykes, which in Scotland have a prevalent W.M.Mk and E.S.E. direction. 
The basalt- plain was channelled by rivers,aiid into tlie ravine.? thus eroded streams of 
pitchstone made their way (Scuir of Eigg), whence it b evident that the volcanic 
eruptions lasted during a protracted period. 

Prance. — In the Paris basin, where a perfect upward passage i.s traceable from 
Eocene into Oligocene beds, the latter are composed of the following .subdivisions : 


cri 


fCalcaire de la Beaiice — a lacustrine depo.sit, Is separable into a higher assise 
(Molasse du Gatiiiais, sometimes 67 feet) consisting of green marl, siliceous 
sand, and calcareous sandstone pa.ssiiig into the Heli.v liiiie.stone of tlie 
OrUmiais {Jlelix Moroynesi, 11. mtrelianus, JL Tristan i, Plnnudris solidm, 
-{ Limnrea Larteti, Melania aquitanmi, &c.); and a lower, coinposeil of 
I limestone (Calcaire du CTatiiiai.s with Limnmf, Jironytilarfl, L. coriim, L. 


^ q. J. 0. S. Hi. (1896), p. 490, andliv. (1898), p. 234. 

2 W. H. Baily, Brit. Assoc. 1879, Rep. p. 162 ; 1880, p. 107 ; 1881, p. 152 ; J. BtarMt 
• Gardner, Q. J. G. S. xli. p. 82 ; xliii. p. 270. On the north coast of Antrim, near Balliritoy, 
a band of tuff occurs about 150 feet thick. Bnt in Ireland, as in Blcotlaud, the tuffs taki 
quite a subordinate place among the great piles of basalt. 

^ A. G., ProG. Jioy. Soc. Fdin. vi. (1867), p. 71 ; >S'. xxvii. (1871), p. 280 ; xlvill., 

(1892), Pres. Address, p. 162; 1. (1894), pp. 212, 645; lii. (1896), pp. 331-405 ; * Andmt 
Volcanoes of Great Britain,' 1867, voL ii. ; Trans. Rotj. Sac. JUdin. x.x.vv. (1888), p. 2h 
Professor Judd {Q. J. G. S. xxx. (1874), p. 220 ; xlv. (1889), j). 187 ; .xlLx. (1893), p. 175| 
supposed that there were five great volcanic cones iu tlie ’Western Islands wlience the streaiw 
of basalt flowed, and of which the mountains of Mull, Skye, &c. are the degraded rtti«% 
aud he regarded the granitoid rocks a.s older than the otlier.s. The true order of successi#* 
as e.stablished liy me has been completely demonstrated by tlie recent detailed examimtiiili 
of the ground by Mr. Marker of the Geological Survey, liuvm ary of Froyress of OeoL 
for 1897, 1898, 1899, 1900 ; UeoL Mag. 1901, p. 506. 

Dollfiis, 7J. aSI O. F. 3® ser. vi. (1878), p. 293. A. De Lappareiit, ‘ Ti'aite,’ 4tli edit* 
1900. The separation of an Oligocene series in the Pari.s basin is not admitted by somfe 
French geologists. 
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cylindrica, Helm Remiandi^ Cydostoma autiiiumn, Planorbis cornu, Pot- 
cmides Lamcu'cJci, and a nuiiiljer of mammals, including Anthmcotheriuin^ 
^ Acefatlierium, Rhimiccros, &c. 

'Babies et Gres de Fontainebleau and other places. In tlie Etampes district, 
where these deposits are well developed, tliey reach a thickness of 
about 130 feet. At their top lies the Ormoy Sand, -which has been 
indurated by a siliceous cement and furnishes hard paving- stones. The 
fauna on the -whole is marine, as is shown by its including species of 
Buccinuvi, Pleurotoina, Cerithiumi, Nctticci, Cassidaria, Meretrix incmsscita. 

Oyster-marls with Ostreu longirostris, 0. cyctthula, and Corhulct siibyisum 
forming an important water-bearing horizon below the thick overlying 
sands. These marls |)ass into the Molas.se dT^trechy with Potamides 
^ pUcatus^ Bayanict semidecusscdct, Meretrix incr asset ki, &c. 

'Calcaire de la Brie, a lacinstriue limestone with few fossils, Limnfecc cornea, 
Planorbis cornu, Cliara, &c. 

Green -Marls (Manxes a Cyrene.s, glaises vertes), consisting of an upper 
mass of non-fossiliferous clay, and a lower group of fossiliferous laminated 
marls [PoictwidespliGctius, Psammohia plana, Corbiculasem istriata = conrexa). 

Supra -gypseous blue marls, with very few fossils {Nystict plicata). Wliite 
marls (Manxes de Pantin), with Limarea strigosa, Planorbis p)lctmdatus, 
^ Bitkinia {Nystia) BuchastelL 


Geographical names have been assigned to the subdivisions of the Oligocene series in 
France, Belgium, Switzerland, and North Italy. The lowest member is called Tongrian, 
from Tongres, in Limbourg.^ Above it comes the Stampian, so named from Etampes, 
where it is tyfxieally developed. The uppermost group is known as Aiiiiitanian, from its 
well-marked occurrence in A(iuitania. 

The chief area of Oligocene strata in France lies in the Paris basin between Epernay 
and Saiimur, where, spreading over a wide extent of country, they have been cut down 
by the streams so as to reveal the Eocene formations below them. The next tract in 
importance lies far to the south-west (Aquitania), where the Lower Oligocene division 
consists of a group of strata alternately marine and fresh-watei*.- At the bottom lies a 
band of marls with Anomia and Ostrea, which graduates upward into molasse and lime- 
stone (Castilloii, Civrac) containing lacustrine shells, and possibly equivalent to the 
Calcaire de la Brie of the Paris basin. Next comes a thoroughly marine band in the 
form of a limestone full of remains of star-fishes, together with species of Ilatica, 
CeritJmm, Trodms, &c., but passing latex-ally ixito fresh-water deposits. The highest or 
Aqiiitanian division includes a series of “ faluns,” or limestones, marls, and sandstones, 
partly marine and partly lacustrine. The marine bands are marked by the presence of 
Ostrea aginensis, Lucinct scopnloruni. Area cardii/onnis, Turritclla Desnutresti, CcritJiiuvi 
calculosum, 0. bidentatmn, C. fallax, C. margaritacemn, Pyrula Lainci. The lake 
deposits, in addition to fresh-water and land shells, enclose remains of land-plants as xvell 
as bones of the terrestrial mammals of the time. Similar alternations of sedimentary 
conditions may he traced eastwards through Languedoc aixd the Ardeche into Provence, 
where lacustrine deposits {Physa, Planorbis, Limmm) lie immediately upon the 
Upper Cretxiceoiis rocks. At Aix these beds have long been noted for their abundant 
plants {CalUtQ'is JBrongniarti, Widdringtonia bracliuphylla, Flahallaria lamanonis, 
Qaerms, Lcmirus, Cinnamomum), insects and mammals {PaUv other turn , Xiphodon, 
Anoplotliermni, Chceropotanius). In Danphind the Upper Oligocene division is re- 
presented by from 800 to 900 feet of raai'ls and limestone-bands, with Melania and 
Corbicula, and capped by limestones containing land or fresh- water shells. Still fartlier 
east the Oligocene passes into the Flysch of the Alps. 

The brackish waters in -vvliich the deposits of the lower division of the Oligocene series 


^ Professor De Lapparent, instead of this term, proposed originally by Dumont, has 
adopted “ Sannoi.sian,” from Sannois, near Paris. 

^ A detailed account of the Tongrian stage in Aqxiitania has been given by Professor 
Fallot of Bordeaux, Mem. Soc. Sci. Pliys. Nat. Bordeaux, 4^ ser. v. (1894). 
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ill the Paris basin were laid down seem to liave stretched southward into the Plateau 
Central. That region had long been a terrestrial surface on which a crust of weathered 
material (laterite) had accumulated. In the hollows of this surface, marls and 
limestones were deposited, containing Cerithmm 'margariiaceuvi and species of 
Rotamiclcs and OorUcula. By degi-ees there arose a lake or group of lakes, in 
the sediments of which have been abundantly preserved the relics of the lacustrine fauna 
as well as of the plants and animals of the surrounding land. In the largest of these lakes, 
that of the Limagne d’ Auvergne, a thick series of arkoses, marls, and limestones 
accumulated. In this mass of strata representatives of the three divisions of the 
Oligocene series liave been recognised. Towards the north the middle or Stampian group 
rests directly on the granite, but southwards the lower or Sannoisian appears from under- 
neath and expands until it constitutes there the greater part of the whole succession. 
It marks the spread of brackish water lagoons over the region. The Stampian 
strata, which comprise the main part of the Oligocene history of the Limagne, reach a 
thickness which may perhaps exceed 1000 metres (3280 feet). They consist of marls, 
limestones, and sandstones, the limestones formed of the remains of lacustrine and 
land-shells (ZimticTa, Nystia., Eydrohia., cyprids, oogonia of CJicira, and in some 

instances the crowded cases of caddis-worms {Rlmjganvt), which were constructed of 
young univalve shells. In the lower part of the Stampian group are found Gelocus, 
Aniliracotherium^ Hyeeiiodon^ Peratherium; in the middle comes Lophiomcryx, and in 
the upper Dremotlicrium and Cxnothco'ium. The portion of the series referred to tlie 
Aquitanian stage is comparatively feebly represented in the Limagne, the best develop- 
ment being seen in the upper marls and plant-bearing sands of the well-known Hill of 
Gergovia, south of Clermont Ferrand. From the phrygania-limestones and marls of 
this division, however, an extraordinarily abundant and varied vertebrate fauna 
has been obtained in the district of Gerand-le-Puy. Upwards of 50 sjjecies of mammals, 
about 70 of birds, 11 of reptiles, 2 of amphibians, have been named by ]\IM. Filhol, 
Pomel, and Milne-EdwardvS. The mammals include a bat {Palseonycteria), a hedgehog 
(Palseoerinacens), various rodents like our modern dormice, marmots, and heavers {Myoxus., 
Titanomys, Scmms, Steneofiber) ; a large number of carnivores {Lutra, Am'p?dcyon, 
CeplialogcLle, Plesictis, Vivcrra, ffcrpestes, AmpMciiSf Mustcla, Prooilurus) ; ungulates 
{Chalicotherium, Cmiotheriicm, Plesiomeryx, AcercUherimi, Pihinuceros^ Prolapirm, 
Eyothariuni, JDremothcriicmi Amphitragulus) ; and an opossum {Awphipmiiliermm). 
The birds comprise parrots (Psittacus), eagles, kites {Milvus), owls [Puho, Strix), wag- 
tails {3fotaciUa)j trogons, woodpeckers [Picns), pigeons {Columha, Ptcrocks), gallinaceous 
forms [Palmortyx), rails {Rallus), flamingoes [Phoinicoptenis), cranes {(Jrm), herons 
{Ardca), storks {Argala), ibises, redshanks {Totmms)^ dunlins {Tringa), shearwaters 
{Puffiims), gulls {Larus), cormorants {Phalacrocorax), gannets pelicans, and ducks 

{Anas). Among the reptiles are species of Testudo, Ptychogaster, Qhelydra, and TrionyxA 
M. Milne-Edwards called attention to the remarkable resemblance of this avian assemblage 
to that characteristic of the great lake-basins of Central Africa. It may be added that 
an additional feature of interest in the old lakes of the Limagne is presented hy the 
abundant intercalation of seams and partings of fine basalt- tuff interstrati fied among the 
marls and limestones, which show that the volcanic history of that region goes back 
into Oligocene time.- 

1 H. Filhol, Ann. Sci. QeoL x. (1879); xi. (1880); xii. (1882); A. Milne-Edwards," 
‘ Eecherches aiiatomiques et paleontologiques pour servir a I’liistoire des oiseaux fossiles de la 
France,’ 4 vols. 4to, Paris, 1867-71. 

^ These intercalations of tuff form the Peperites ” of Auvergne, regarding which so 
much difference of opinion has been expressed. Some geologists, impressed by the proofs of 
intrusion by the peperites iu certain places, have come to the conclusion that these tuffs are 
everywhere intrusive, and that their obvious interstratification in thin leaves among the 
undisturbed lacustrine strata is to be explained by some [unintelligible] process of transfusion. 
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111 the east and centre of France a peculiar ferruginous deposit (Terrain sidero- 
lithiq^ue) is traceable over a wide region, sometimes forming the surface and sometimes 
passing under younger Tertiary formations. It consists of an earth or clay full of 
pisolitic grains of limonite, which are often in sufficient quantity to afford a workable 
source of iron. With it are associated sheets of limestone or travertine full of remains of 
Chctra, and fresh-water or land shells. Where these deposits lie on Jurassic limestones 
they fill up fissures and cavities of the older rock, and, like the Eocene osseous breccias 
already noticed, have entombed and preserved remains of the contemporary terrestrial 
fauna. In some places these remains have accumulated in such quantity as to furnish 
valuable deposits of phosphate of lime. Such are the phosphorites of Querey, which have 
^ filled up fissures and pockets in the limestones. The upper part of the deposits generally 
consists in large part of red clay and loam full of granular limonite, while the lower 
portions are phosphatic. There appears to he always a close relation between these 
accumulations and Tertiary strata in their vicinity, and they are never found on the 
higher limestone plateaux above the level of these strata. The Querey phosphorites are , 
famous for the variety of animal remains yielded by them, which number 58 genera of 
mammals, whereof 25 have been found in the Paris gypsum. They include artiodactyle 
ungulates {Ano^plotheriiom^ Anthracotlicrium^ Aiiyphitrcigtdus, CseixotJierium, XipJiodon), 
perissodactyle ungulates {LopModon)^ pig -like animals {CebocJicerus), a rhinoceros 
[Accratlierimn), carnivores {GyiiodictySf Hymnodon), and lemuroid monkeys {Adapts, 
Necrolemur), ^ 

Belgium.- — The Oligocene succession in this country differs from that of France, 
and has received a different nomenclature, as follows : — 


r 


& 


Upper Oligocene wanting in Belgium in the form of marine dei')Osits ; 
represented in Upper Belginni hy sands and gi-avels, sometimes in- 
durated into sandstones and conglomerates, and — 

'White fine sands. 

Clay of Boom containing more than 60 species of shells [Murex Deshayesi, 
Typhis Schlothemii, Eusus elatior, Cassidaria nodosa, Plenrotorm 
Duchasteli, Valuta fusus, MitraDelpeidiyPectmicidusdbovatits, Kuculana 
Peshayesiana, Qorhula striata, Terebratnlina striatula), a number of 
fishes, both teleostean and elasmohranch {Cybium, Pictyodus, Scorn- 
b'ramphodon,Lcd)Tax, Car char odon, Lanina, Odontaspis, Oxyrhina, Mylio- 
hatis, Galeocerdn, Chimosra, Squatma), some chelonians, birds (.diiac?, 
Larus), and sireniaii mammals {OrassitkeHum, Hcditlierium, Metaxy- 
^ therium). 

?Sands and gravels. 

I Clay with Nucula compta. 


The phenomena are easily understood, however, hy one who has made himself familiar with 
the hehaviour of tuffs in an ancient dissected volcanic region like that of Central Scotland 
(p. 175). The material of the peperites has undoubtedly here and there filled up the 
volcanic vents, and has even been injected in veins and dykes around their margins. But 
the main mass of the material was ejected from these vents, and falling, as volcanic dust and 
sand, over the lake and surroiinding ground, became interleaved with the contemporaneous 
lacustrine sediments, thus affording the most satisfactory evidence that the long series of 
volcanic eruptions in Auvergne began as far back as upper Oligocene time. The most recent 
presentation of the arguments for the intrusive nature of the material will be found in No. 
87 of the Bidl. Carte GeoL France (1902), hy J. Giraud, where the fullest account of the 
formations is given, together with a useful bibliography. Professor Gosselet clearly recognised 
the impossibility of accounting for the tranquil interstratification of the fine material of the 
tuff among the unbroken shells of the J^e^fru-liniestone by any process other than that 
of contemporaneous deposition, B. 8. G. F. xviii. (1890), p. 913. 

^ H. Filhol, An7i. Sci. Geol. 1876. 

- E. Yan den Broeck, ‘Materiaiix pour Tetude de I’Oligocene Beige,’ Bull, Soc, Bdg, 
GU, 1894. 
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Sands of Bevg Pectunciilus oho-vcitnis^ famous for their 

marine mollusks and fish remains, many of which are the sail a* 
found in the Clay of Boom. 

Green glaises interstratified with white quartzose sand. 

V, White quartzose pebble-gravel and black flints. 

Sands and marls of Yieux- Jones, with some 50 species of fossil / 

Potamides Cerithmm canccllinum, Bithinia 

Corhulomya triangula. * . 

Glaises of Henis with Meretrix incrassata, Xeritina ^ 

Fcivjasi, CorhidaxAsiim, Pecteii Jloninghausi, Myaangiistatif-t ^ 
depressus. . ^ 

Sands and marls of Bautersem with Oyrhimla semistriata, ^ 

cata, M. costata, Bithinia tenuipUcata^ B. helicella. 

['Green glaise, glauconitic sand of Neerepen. . . 

Pine argillaceous and micaceous sand well developed in. 

(Grimmertingen), specially characterised by Ostrea * 

deposit has yielded 231 species of mollusks.^ 

Fine sand slightly glauconitic. 

Grey plastic clay. 

[Coarse gravel of primary and secondary rocks. 


I. 


Germany.- — In northern Germany, while true Eocene deposits are 
Oligocene groups are well developed both in their marine and fresh- water 1 
was from their characters in that region that Beyrich proposed for 
Oligocene. They occupy large more or less detached areas or basin 
lithological and palceontological variations, but the following general J 

been established : — 


''Marine marls, clays, sands, sparingly distributed (Doberg, Hanover ; W**! lli**' jS'*- • 

lidhe ; Mecklenburg-Schwerin), with Spatangus IJoffmanni, ^ ' 

grandis, Pecien Janus, J\ decussatus, Area Speyeri, Na$s(f ’ * - 

Phurotoma suhdenticulata. 

Brown-coal deposits of the Lower Rhine, &c., with a flora of le.s.K i r* "j ^ ■' 
Indian and Australian type, and more allied to that of subtroj>ic?ii I ^ 
America (-leer, Qinnamomum, Cnpressinoxylon, Juglans, iVy-v-vr/, 

Quercus, &c.). Some marine beds ifi this division contain :7'V'/v ^ * 

^ grandis, Pecien Janus, P. Munsteri, &c. 


03 

3 


"Stettin (Magdeburg) sand and Septaria-clay {Se2')tari.entho7i), with an n 1 s i « ’ C * ” 
marine fauna (foraminifera, Pccten permistus, Nuculana deshagesict tt€r ^ ’ • * ? 

Ghasteli, Astarte Kickxii, Canluirn cingxdatum, Pleurotoma scah'/'ic^ * f ■ - ' 

obtimis, Fitsus Ko^iinckii, F. 7nuliisulcatus, &c., Ajxarrhais sped a<s( f ^ 

Hum Kickxii). These beds are widely distributed in North GeT'iii«fi> » 
are usually the only representatives there of the Middle 01igoceii€i ■; 

I In Saxony and elsewhere they contain phosphatic deposits, the |>lir | 

of lime being often in rounded or elliptical concretions, eacli cif .b . 
encloses a shell or fishbone. In the Leipzig district Pectunculus i 

the most frequent enclosure.'* In some places a local brown- cojri.1 v'f • .v 
occurs (-4 Kefersteini, Cinnaiiionmm polymorphuni, PopxduH /t ? . 

Taxodi'iim duhium). 


* For the list of these shells see G. Vincent, Ami. Sac. Afalacol. Be/r/^ % •% t l ■ 
Alem. p. 3. 

2 Beyrich, Berlin, 1854, p. 640; 1858, p. 51. A. K ,/ 

Z. D. G. (}. xix. (1867), ‘p. 23. Ahhand. Oeol. Specialkart. Preuss. 1889-94. 

® C. F. Zincken, ‘Physiographic der Braunkohle,’ Hannover, 1867, li 

Dechen, ‘Die nutzbaren Mineralien, &c., im Deutschen Reiche,’ 1873. l^'or jr* I 

account of the brown-coal of Germany see M. Yollert, ‘Der Braunkohleiil.>er'^l#jt ff 
1889, the “ Festschrift” of the fourth Deutsche Bergmannstage in 1889. 

* H. Credner, A^hhandl. K. Sdehs. Ges. Wissen. 3Iath. Phys. Class, xxii. 
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'^Lgeln marine beds {Ostreaventilabrmn^ Pecten helUcostatus^ Xiiculana tjeroraJis 
Area appeyicUculata, Cardita Dimkeri, Cardium Hausraanni, Mcrdri:e 
holandri Oenthiurti hBmtin, Pleumtoma Beyrichi, 1\ suhcorioidea, Lyria 
(iecoraj Buccinum Imllatum., &c., and corals of tlie genera TirrhinoUa, Bakuio- 
phylha, Garyophyllia^ Gyathma)A 

Amber beds of Kciiiigsberg, consisting of liguitiferoiis sands resting on marine 
glauconitic sands, near the base of which lies a band containing abundant 
pieces of amber. ^ The latter, derived from several species of conifers, especi- 
ally sucGinrfera^ have yielded a plentiful series, estimated at about 

2000 species, of insects, arachnids, and rnjTiapods, togetlier "vvith the 
fruits, flowers, seeds, and leaves of a large number of conifers ( Pimtes, Pinus, 
Abies, Sequoia Laiigsdorjii, ^ iddringtonites, Libocednis, Thuja, Capy'essas, 
Taxodiiun.) and dicotyledons {Qmreus, Gastajiea, Farjus, Myrica, Polygo?uo,h 
Cinnamomum., ireranium, Linum, Acer, Ilex, Tlhamniis, 'Deiitzla), toother 
with A ndromeda, &c.^ The sands contain Lower Oligocene marine 
mollusca, sea-urchins, &c. 

Lower Brown-coal series — Siands, sandstones, conglomerates, and clays with inter- 
stratified varieties of brown-coal (pitch-coal, earthy lignite, paper-coal, wax- 
coal, &c.), a single mass of which sometimes attains a thickness of 100 feet or 
inore. These strata may be traced intermittently over a wide area of northern 
CTerniany. The flora of the brown -coal is largely composed of conifers 
Taxites, Taxoxylou, Ciipressinoxylo^i, Sequoia, &c.), but also with Quercus, 
Eaurus, Cinnamomum, Magnolia, Dryandroides, Ficus, Sassafras. A In us, 
yicer, Juglans, Betula, and palms {Sctbal, Flabellaria), The general aspect of 
this flora most resembles that of the southern states of North America, but 
V, with relations to earlier tropical floras having Indian and Australian affinities. 


In the Mainz basin some marine sands, clays, and marls in the lower part of its 
Tertiary deposits are referred to the Oligocene series, and are arranged as follows ; — 

Cerithium Beds. — Sandy and calcareous strata with brackish- water and land shells 
{Potamides plicatus, Mytilus Faujas'i, Helix, kc.). 

Cyrena marl and sand {Gorbicidcc {Gyrcna) semistriaia, Potamides plicatus, 
Gerithimn mwrgaritaceum, Perna Sandhergeri, &c.). 

Septaria-clay with Nnculana dcslmyesiana. 

Marine sand of Weinheivn with Ostrea mllifera, Pectuyiculus dbovatus, Meretrkc 
incrassata, Katica crassaUna. 


Switzerland. — Nowhere in Europe do Oligocene strata play so important a part 
in the scenery of the laud, or present on the whole so interesting and full a picture of the 
state of the continent wlien they were deposited, as in Switzerland. In the northern 
part of the country the marine sands and clays of Mainz and Alsace are found around 
Bdle, where they reach a thickness of nearly 1000 feet and pass up into iliivio -marine 
deposits, as shown in the subjoined table : — 

^ ® a3 r Cyrena Marl (Letten) with Ostrea cyathnla, fresh- water limestone {Limn tea, 

S 1 Hydrohia, JJreisseiisia, Ohara, sands and sandstones {Potamides plicatus, 

0 O I Corbicula {Cyrena), Cinnarnommn, Afyrica, &c.) 20 metres. 

^ fSeptaria Clay (200 metres) with Text alar ia, TriincatuUna, Rotalia, Sahal, 

.S I I Quercus, Eiccalyqdus, Cassia, &c. 

So I Marine sand (100 metres) with Potamides {Tympanotopus) troclilearis, 

S I Ampnllina crassaUna, PecVunouhis ohovatus, Ostrea callifera, Pecten, Pholas, 

O Lanina, Halitherium, Quercus, Cinnamomum, Daphywgenc. 


^ For detailed descriptions of the Lower Oligocene molluscaii fauna of North Germany see 
Professor A. von Koenen’s elaborate monogi-aph, Ahharnd. GeoLSpecialkart. Preuss, x. (1SS9-92). 

^ ‘Flora des Bernsteins,’ vol. i. on the coniferse, H. R. Goeppert, 1883 ; vol. ii. on the 
dicotyledons, Goeppert, A. Meuge, and H. Con-wentz, 1886 ; ‘ Monograph. Baltischen 
Bernsteinbaume,’ Danzig, 1890. 

3 Stnder’s ‘ Geologic der Schweiz,’ vol. ii. ; Heer’s ‘ Urwelt der Schweiz,’ 1865 (an 
English translation of which by W. S. Dallas appeared in 1876) ; ‘ Flora Fossilis Helvetic^,’ 
1854-59; A. Favre, ‘Description Geologique du Canton de Geneve,’ 1880, vol. i. p. 69. 
Livret Guide dans le Jura et les Alpes de la Suisse, Congres Geol. Interned. 1894. 
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Farther south the Oligocene formations rise into mountainous ground where their 
highest member forms the base of the large mass of Nagelfluli (Miocene) of the Bigi 
and Rossberg. While they include proofs of the i:)resence of the sea, they have 
preserved a large number of the plants which clothed the Alps, and of the insects which 
flitted through the woodlands. They form part of a great series of deposits which, 
termed “Molasse” by the Swiss geologists, were formerly considered to bo entirely 
Miocene. Their lower portions, however, are now placed on the same parallel with 
the Oligocene beds of the regions lying to the north, and consist of the following 
subdivisions : — * 

Red Molasse^or Aquitanian Stage (1300 feet in Rigi district) : sandstones^ grey and 
red sandy marls with marine bauds containing CariUum lucerne'itffe, C. KavfmLnni 
and brackish or fresh-water bands enclosing Zizi 2 )hus, Ghinctmomum^ tSi/iilax, 
Sequoia. 

Tougrian Stage or Upper Flysch (2600 feet in the Reussthal) : sandy micaceous 
shales and sandstones and diabase-sandstone. Oliaracteristic fossils are sonie of 
the fishes which are common also in the Oligocene shales of the Carpatliians, 
Croatia, Glams, and Alsace, such as the herring-like Meletta, also Lcqndopiis 
and Paleeorhyncluis. 

Rigi-beds, Ligurian Stage, or Lower Flysch (2600 feet in the Reussthal) : grey 
marly shales, thin-hedded limestones, sandstones, and conglomerates, — Nwmmi- 
litesy Orhitoides^ Prenaster, Terehmtulhia^ Spomlyhis, Pectmy Lithothmnnmm ^ 
Chondrites, &c.^ 

The upper or lacustrine portion of this series must have boon formed in a largo lake, 
the area of which probably underwent gradual subsidence dxiring the period of deposition, 
until in Miocene times the sea once more overflowed the area. We may form some idea 
of the importance of the lake from the enormous thickness of the deposits formed in 
it (postra, p. 1270). Thanks to the untiring labours of Professor Heer, we know more 
of the vegetation of the mountains round that lake, during Oligocene and Miocene time, 
than we do of that of any other ancient geological period. The w'oods were marked by 
the predominance of an arborescent subtropical vegetation, among which evergreen 
forms were conspicuous, the whole having a decidedly American aspect. Among the 
plants were palms of American type, the Californian coniferous genus Sequoia, alders, 
birches, figs, laurels, cinnamon -trees, evergreen oaks, with many other kinds. 

The portion of the great Flysch formation of the Alps referred to the Oligocene 
series consists especially of sandstones and dark shales, of whicdi one of the most noted 
members is the band of shales of Glarus so long known for its abundant fish-fauna. 
The species (29 in number) obtained from it, many, of which are also found in 
corresponding strata in other parts of Europe, include herrings {Mcletta), toothed carps 
{Prolehias), cod [Nemopterijx), mackerels {Lepidopus, Palimphyes, Isuriclithys, OpisthomAjzoii) 
and other forms.^ 

Portugal. — In the western part of this country, especially in the Lisbon district, and 
less continuously northwards to Leiria, the Cretaceous formations have been overspread 
by a plateau of basalt and basalt-tuff, which, between Pruzeres and Rabicha, is 200 
metres thick. The age of this volcanic intercalation has not been definitely fixed ; it 
must be post-Cretaceous and may be Eocene or Oligocene. The basalt, as in Ireland, 
has protected the upper Cretaceous formations from denudation, and has itself been 
much reduced to detached masses by the i)rogress of waste. Tlie occurrence of this 
volcanic platform on the western margin of Europe is of much interest in connection 
with the volcanic history of the continent. The eruptions may possibly have been 
coeval with the great outpouring of basalt in the north-west, from Ireland and the 
Hebrides northwards by the Faroes into Iceland. 

^ Livret Guide, p. 143, as above cited. 

2 The fishes of Glarus are described by A. Wettstein in Alh. Schweiz. PalmnL Oes. 
xiii. (1886). 
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The deposits which overlie the basalt are most completely developed around Lisbon. 
They consist in the lower part of massive conglomerates, which are regarded as 
probably of Oligoceue age, as they are overlain and sometimes overlapped by marine 
strata referable to the oldest part of the Miocene series. The materials of these 
conglomerates include fragments of the Palaeozoic and older rocks, together with debris 
from the Jurassic and Cretaceous formations. Traced northwards between the plain, 
of the Tagus and the serras that lie to the west, the conglomerates are found to he 
associated with fresh- water limestones.^ 

Vienna Basin.- — This area contains a typical series of Tertiary deposits, sometimes 
classed together as Neogene.” At the bottom lies an inconstant group of marls and 
sandstones (Aquitanian stage), containing occasional seams of brown-coal and fresh-water 
beds, but with intercalations of marine strata. The marine layers contain Potamides 
pKcaius, Gerithi-iim margcoritdcmm, &c. The brackish and fresh-water bands yield Melania 
Eschevi and Cifrenco ZigivCtaria. Among the vertebrates are Mastodon angi&stidens, M. 
tapiroides, Ehbwceros samsaniensis, AmpMcyoiv inlermcdius, Aiicliitheilum aicrelianensey 
and numerous turtles. These strata have suffered from the upheaval of the Alps, and 
may be seen sometimes standing on end. It is interesting also to observe that the 
subterranean movements east of the Alps culminated in the outpouring of enormous 
sheets of trachyte, andesite, propylite, and basalt in Hungary and along the flanks of 
the Carpathian chain into Transylvania. The volcanic action appears to have begun 
during the Aqnitaniau stage, bat continued into later time. Further curious changes 
in physical geography are revealed by the other “IQ’eogene” deposits of south-eastern 
Europe. Thus in Croatia, the Miocene marls, with their abundant land-plants, insects, 
&c., contain two beds of sulphur (the upper 4 to 16 inches thick, the under 10 to 15 
inches), which have been worked at liadoboj. AtHrastreigg, Buchberg, and elsewhere, 
coal is worked, in the A-quitanian stage in a bed sometimes 65 feet thick. In Tran- 
sylvania, and along the base of the Carpathian Mountains, extensive masses of rock-salt 
and gypsum are interstratified in the “ Feogene formations. 

Italy, — In the north of Italy strata assigned to the Oligocene series are developed 
to the almost incredible estimated thickness of nearly 12,000 feet. They dovetail 
regularly with the Eocene below and the Hiocene above, and are thus grouped by 
Professor Sacco in the’ central part of the northern Apennines : — 

'A great thickness of grey and yellowish sands and occasional 
greyish marls, the marly character increasing northwards and 
eastwards. In this stage are included the lignites of Cadibona, 
lOOO metres ' ^ marls of Cliiavdn, Yiceiitino, from which a large 

assemblage of fossils has been, obtained, particularly re- 
markable for the number of Chonclropterygeaii and Teleosteau 
fishes, of which some 60 species have been described. 

^*6O0^metms^^^* marls more or less sandy and friable. 

'A vast series of sandy marls, sands, conglomerates, and lenticles 
of lignite, with frequent numimilites (xV. interinedms, A. 

Tongrian Stage. J Eichteli, A. striata) y OrhitoideSy fresh-vvater, brackish, and 
2000 metres. marine shells^ crassatina, PotccmideSy Cyrena, con- 

vexccy &c.), Anihracotlmrixiin mccgminu &c. Sometimes with 
. greyish violet marls. 

^ P. Choffat, ‘Aper 9 ii de la G-eologie du Portugal,’ Lishoii, 1900. 

2 Suess, ‘ Der Boden von Wien,’ 1860. Th. Fuchs, ‘ Erliinternugen zur Geol. Karte der 
XJmgebiingen Wiens,’ 1873; and papers in Z. D. G. (/, 1877 (p- 653); fahrh. Gaol. 
ReicJmmst. vols. xviii. et seq. Von Hauer’s ‘Geologie.’ E. Tietze, Z, I). G. G. xxxvi. 
(1884), pp. 68-121 ; xxxviii. (1886), pp. 26-138. 

^ On the lamellibranchs of this stage in Liguria, see G. Bovereto, Ait. Soc. Zigustica. Sci. 
Nat. Genoa, viii.-ix. (1897-98). 
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Sestian Stage, f A thin hand of sandy marls with Ntmimdltes Ficktelh iV. msctts, 

20 metres. \ R. Boucheri, Orhitoides, Hetcrostegina, &c. 

Faroe Islands, Iceland. — The older Tertiary basalt* plateaux, so well displayed in tlie 
north-west of Britain, are repeated in the Faroe Islands and in Iceland, where, as in 
Ireland and Scotland, they comprise intercalated shales and lignites (p. 345). In tlie 
island of Suderd (Faroes) the lignite is well developed, and has been worked between the 
great sheets of basalt. On the east side of the island the following upward succession of 
deposits may bo seen : — (1) upj^er surface of a basalt lava ; (2) pale clays and dark shales, 
20 feet ; (3) pale clays with plant remains, 3 feet ; (4) coal, here only six indies thick, 
but increasing inland ; (5) volcanic mudstone, 12 feet ; (6) green granular liasalt-tuif 
and mudstone, 3 feet ; (7) Volcanic mudstone with concretions and pieces of fossil wood ; 

‘ (8) amygdaloidal basalt-lava.^ In north- \vestern Iceland similar seams ot coal or 
lignite inters tratified among the Tertiary basalts have long been known as ‘‘Surtar- 
brand.” A number of distinct horizons of these land surfaces have been observed and 
sometimes, as at Trollatunga, within the same band of intercalated clays and tuils, 
several seams of coal succeed each other. Occasionally also tree trunks are found 
enclosed in the basalt, like that of Oribon in Mull already described (p. 759).- 

North America. — The Vicksburg beds, referred to on p. 1242, are not overlain eoii- 
formahly by any furtlier deposits of older Tertiary age. The next succeeding deposits 
referred to the Miocene series rest more or less trangressively on the Eocene formations. 
There is thus a gap in the series, represented elsewhere by Oligocene strata. On tlie 
Pacific slope the Tejon series (p. 1244) is followed in north-western Oregon by strata 
which are considered to be Oligocene. They contain Aticria ancjxcstata, iJo/iwnt 
;petrosum^ Mmella simplex, Never ita globosa, Nitculct truncata, JSolcn pcoraUelus, Mytt 
2)rmcisa, &c.^ Much more important, however, are the fresh-water formations whicli 
cover a vast area in the interior of the continent, overlie the Eocene series, and hav(i 
been referred to Oligocene time. These deposits, knowni as the White Kiver series, 
cover extensive tracts in the north-east of Colorado, in Nebraska, in south and north 
Dakota, and among the Cypress Hills in the North-west Territories of Canada, They 
have a thickness of about 800 feet, and are se})aral)le into three grou[>s, eacli characterised 
by special mammals as under : — 

3. Protoceras beds, containing i^teneofiher, Protapirm, Aeeratkerlum, Jlyopotamas, 
Blotkermm, Mporeudoti, LepiaachaHla and (especially prominent) Frotoeenis. 

2. Oreodon beds, of which characteristic fossils are some marsupials {JJidelphys) ; the 
rodents Ischyromys, Sciitrvs, (rymnoptychus, Kumys ; the creodout nyivnudiui ; 
the carnivores Daphmios {Amphicyon), Pynodictis, Biinniurus, JJinirtis, 
Bfopliphojieus (Drepumdmi) the primitive horse Afesohip^ms {AnchUheriHui), 
also Colodon, Protapims, Hyracodnn, a number of forms of rhinoceros 
{Leptaceratheriwn,. Aceratheriwn), Agnoehm'us, Oreodan (several species) ; tlie 
camels Pdelr oilier imi and Protomeryx, Leptomeryx, irypertmrjvPis, JJypisixf uH, 

&c. 

1. Titanotherium beds, especially distinguished by the presence of the various 
Titanotherids, but containing also Leptaccrathermm, Aceratherium, Elotheriim, 
and Agriochcerus. 

The lacustrine deposits of Florissant in the South Park of Colorado, above cited 
(p. 1248), were probably coeval with some of these groups. 

Australasia. — In Victoria, where rocks regarded as of Tertiary age cover nearly half 
of the colony, it is possible that a separation of part of them as Oligocene may yet be 
made. The older marine series consists principally of blue or grey clays with sejitarian 
nodules, rich in fossils, among which gigantic forms of volutes and cowries are 

^ A. G-., Q.\J. Cr. S. hi. (1896), p. 340 ; also F. Johnstnii), ‘ Oni Kullagene j>aa Fseroerne,’ 
it. D. Vid. Selskab. Forhandl. Copenhagen, 1873. 

2 Thoroddsen, Oeol. Foren. Stockholm, xviii. (1896)? p. 114. 

8 J. S. Diller, 11th Ann. Rep. U.S. G. S. 1896, p. 24. 
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conspicuous. Later tliaii these deposits are those referred to under the Miocene section 
[posted, p. 1274). 

In New Zealand the Oamaru series of Captain Hutton (p. 1246) is considered by him 
to be of Oligocene age,^ and to comprise the oldest Tertiary rocks in the colony. The 
most prominent member is a polyzoan limestone found in patches all round the island, 
which it seems to have encircled. It is chiefly made up of fragments of polyzoa and 
other organisms, and among its fossils (upwards of 80 species) are species of Waldlieiinict, 
TcrebrctUila, Terelratella, Ehynchonella, Pecten, Lima, Limopsis, Crassatella, Panopaea, 
Mitra, Vohita, Marginclla, Cylichna, likewise remains of zeuglodont whales {Kekenodon), 
true cetaceans [Sqitalodon), huge sharks {CarchaTodo%),vse^^{TTygon., Myliohatis) send, the 
Nautilus Aturia australis. At the base of the Oamaru series tachylytes and other basic 
volcanic rocks are interstratified with the marine sediments. 


Section iii. Miocene. 

§ 1. General Characters. 

The European Miocene deposits reveal great changes in the geography 
of the Continent as compared with its condition in earlier Tertiary time. 
So far as yet known, Britain and northern Europe generally, save an area 
over the site of Schleswig-Holstein and Friesland, were land during the 
Miocene period ; but a shallow sea extended towards the south-east and 
south, covering the lowlands of Belgium and the basin of the Loire. The 
Gulf of Gascony then swept inland over the wide plains of the Garonne, 
perhaps even connecting the Atlantic with the Mediterranean by a strait 
running along the northern flank of the Pyrenees. The sea washed the 
northern base of the now uplifted Alps, sending, as in Oligocene time, a 
long arm into the valley of the Bhine as far as the site of Mainz, which 
then probably stood at the upper end, the valley draining southward 
instead of northward. The gradual conversion of salt into l^rackish and 
fresh water at the head of this inlet took place in Miocene time. From 
the Miocene firth of the Rhine, a sea-strait ran eastwards, between the 
base of the Alps and the line of the Danube, filling up the broad basin of 
Vienna, sending thence an arm northwards through Moravia, and spread- 
ing far and wide among the islands of south-eastern Europe, over the 
regions where now the Black Sea and Caspian basins remain as the last 
relics of this Tertiary extension of the ocean across southern Europe. 
The Mediterranean also still presented a far larger area than it now 
possesses, for it covered much of the present lowlands and foot-hills along 
its northern border, and some of its important islands had not yet a|)peare(l 
or had not acquired their present dimensions. 

Among the revolutions of the time not the least important in the 
geography of the Old World was the continuance and completion of the 
movements by which the Eocene strata of the great meridional mountain 
chain had been so convoluted and overthrown. That vast chain, extend- 
ing from the Alps into Asia, received its final plication and uplift in the 

^ In tins series he includes the Ototara and Mawhera series of Hector’s “Cretaceo-- 
Tertiary formation,!’ as well as his “Upper Eocene formation,” Q. J. O. S. xli. pp. 266, 
475 ; Trans. Neio Zeal. hut. xx. p. 261 ; xxxii. (1899), p. 169. 



1262 


BTRATIGBAPHIGAL GEOLOGY 


BOOK VI PART IV 


Miocene period. One of the results of these terrestrial movements -was 
the restoration and extension of the wide lake or chain of lakes, over the 
northern or niolasse region of Switzerland, in which the red Oligocene 
molasse had been deposited. The lacustrine deposits accumulated there 
have preserved with remarkable fulness a record of the terrestrial flora 
and fauna of the time. 

In the New World the physiographical changes were less pronounced. 
On the Atlantic border the sea margin continued to run not far from 
the older Tertiary shore -line. The low lands from New Jersey to 
Florida around the Gulf and up the narrowed Mississippi inlet were sub- 
merged, and subsequent elevation has only revealed the mere margin of 
the deposits then laid down, the main portion being still under water. 
On the Pacific slope the sea had retreated, owing to an elevation of the 
Eocene tracts in California, 1)ut it eventually once more encroached on 



«, Liquidainbar eurojr.eu)u, Braun. (3) ; h, Ciniiamomum Biichi, Heer (|). 


the land and surrounded the long ridge of the Coast Range, depositing 
fossiliferous sediments which are found far northward into British 
territory. In the interior the regime of subaerial and lacustrine 
sedimentation continued, and vast accumulations, partly of volcanic ashes, 
gathered in a succession of extensive basins. Volcanic eruptions ajipear 
to have taken place on a great scale over a large area of the Western 
States. 

The flora of the Miocene period (Figs. 472, 473) indicates a 
somewhat subtropical climate in the earlier part of the period in Europe, 
certain of its plants having their nearest modern representatives in India 
and Australia.^ Among the more characteristic genera are Sahal, Phmii- 
cites, Libocedrus, Sequoia, Myrica, Quercus, Ficus, Laurus, Cinnamomum, 
Daphne, Persoonia, Banksia, Dryandra, Cissus, Magnolia, Acer, Ilex, lihamnus, 
Juglans, Rhus, Myrtus, Mimosa, and Acacia, But the climate, if we may 
judge from the character of the flora, became less warm as the period 
advanced. As the palms disappeared there came a flora of more 
^ Beer, ‘ Urwelt der Scliweiz" ; ‘Flora Fossilis Helvetise.’ 
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temperate and especially North American type, including an increasing 
proportion of deciduous trees, and a marked augmentation of the grasses, 
favourable for the evolution of deer in the North and antelope in the 
South.^ Among the more frequent plants of this later time are species 
of GlyptostrobtcSj Betula, Fopuhis, Carpinus, Ulmus, Fersea, Bex, Fodogonium., 
and Potamogeton.- 

The fauna points to somewhat similar climatal conditions in Europe. 
There occur such molluscan genera as Ancilla, Buccinum, Cancellaria, 
Cassis, Cerithium, Conus, C'ljprmt, Mitra, Murex, Fleurotoma, Fotamides, 
Pyrula, Stromhns, Terebra, Voluta, Area, Cardita, Cardium, Meretrix, Congeria, 
Didacna, Lima, Lucina, Mactra, Ostrea, Fmiopma, Fecten, Fechinculus, 
Spondylus, Tapes, Tellina, &c. (Fig. 474). The mammalian forms present 



Fig. 473. — Miocene Plants. 

ftj Magnolia Inglefieldi (0 ; h, Rhus Meriani (nat. size). 
c. Ficus clecaiidolleana (p ; d, Quercus ilicoide.s ( 3 ). 


many points of contrast with those of the older Tertiary periods. Huge 
proboscideans now take a foremost place. Among the more important 
generic types of the fauna are the colossal Mastodon (Fig. 475) and 
Dinotlierium (Fig. 476), the latter having tusks curving downwards from 
the lower jaw. With these are associated Rhinoceros, of which a hornless 
and a feebly horned species have been noted • Anchitheriwm, a small horse- 
like animal, about as big as a sheep, surviving from earlier Tertiary time ; 
Macroiheoium, a huge ant-eater; JOicroceros, a deer allied to the living 
muntjak of Eastern Asia ; Hyotherium, an animal nearly related to the 
hog. A number of living genera likewise made their entry upon the 
scene, such as the hog, otter, antelope, beaver, and cat. Some of the 
most formidable animals were the sabre-toothed tigers (MacJimrodus), and 


^ H. F. Osboni, Ami. New York Acad. EcL xiii. (1900), p. 26. 
- Saporta, ‘Monde cles Plantes,’ p. 272. 
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the earlicHt form of Iniur {JJ/fn’/nnrff/s}. Thi*, Mio<M‘iH* forrslH wrri» also 
tenanted liy a.|)(;s, of w'hich several gcniera have lieen deteet«*d. CJf these 



'■ ♦! 

I }* ♦. Msui'i u«* M««n's 4,n, 

I'mitijiii-.-j <j*' lu Oir*yi* ( '0 ; >*. ro ; 

Jurrtnj«‘!t, Iv«*l. ; e, j.'s, I’iUliiiii, |* i. 

Pii(ipi/lirni^< was jirohahly allied to the anthro|H»id ajies ; /iriey<if/e < e.j, ( Fi;^» 
477) was <’on.Hid(*.n*d l>y t )wen to he allied to tin* livhi;j^ l*;il»hori4, hnt tlandry 
regards it. as an anthropoid form, and as tin* only one vet found hmsil 



Fj.i4. IV4 IVIuhI<hI«»j 4 u}iKioO*ii'}s*4, Ouris, 
r»'.«t»M7in»sr.* I<y M. tiimitty J 


which can !)e compared with man;- is HiippoHetl to have liiid 

atliniliiii. with the anthropoifl a[a*H, iiiaeaqneH, and liahocaiM/^ 

Fora rent oral imi of M. (tmn huntH^ .Miirnli, Jsmrti, S>. sliv. . 

" OVoA Frttne*' V4i^ i. |, ^|h*iii . 

*' Gmalry, * Kin4iiu«t'i»t*iitN/ p. Iiawkisr^, ‘ Mmi in linfjiin/ i*. fiT, 
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From the Miocene fresh-water deposits of the interior of the 
United States large additions have been made to our knowledge 
of the mammals of this period. The Oligocene Titanotheres, Amy- 
nodons and Hyracodons had died out before the beginning of Miocene- 
time, and were succeeded by new types. Conspicuous among these 
were the Dicerathermm or two-horned rhinoceros, a number of species of 



Fig. 47G- — Dinotherium giganteum, Kaiip., reduced. 


the rhinoceros Afhelops, the earliest mastodons, and new forms of equidaa 
(ProtohippuSj Hipparion). There were likewise new rodents, edentates, camels, 
lamas, and deer. The primitive carnivores (creodonts) now died out and 
gave place to modern forms ; the oreodons, hornless rhinoceroses, 
hysenodons, elotheres, Hyopotamus, and Ghalicotheriim likewise became 
extinct.^ 



Fig. 477. — Jaw of Dryopitliecus Poiitani, Gaudry ( 3 ). 


Considerable uncertainty must be admitted to rest upon the correla- 
tion of the later Tertiary deposits in different parts of Europe. In many 
cases, their stratigraphical relations are too obscure to furnish any clue, 
and their identification has therefore to be made by means of fossil 
evidence. But this evidence is occasionally contradictory. For example, 
the remarkable mammalian fauna described by M. Gaudry from Pikermi 

^ H. F. Osborn, “Rise of the Mammalia in Nortli America,” Amer. Assoc. 1893. 
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in Attica ('postea, p. 1294) has so many points of connection with the 
recognised Miocene fauna of other European localities, that this observer 
classed it also as Miocene. He has pointed out, however, that in a shell- 
l^earing bed underlying the ossiferous deposit of Pikermi some character- 
istic Pliocene species of marine mollusca occur. Eemembering how 
deceptive sometimes is the chronological evidence of terrestrial faunas 
and floras (ante, pp. 832, 839, 848), we may here take marine shells as 
our guide, and place the Pikermi beds in the Pliocene series, a position 
which is likewise assigned to them, on the ground of their mammalian 
contents, by a number of able palseontologists. 


S 2. Local Development. 

France. — True Miocene deposits are not known to occur in Britain. In France, 
however, a tolerably full representation of these formations has been preserved. The 
oldest’ portion of them consists of sands and gravels which replace the lacustrine 
accumulations of the Oligocene lakes, and have entombed tlie remains of many of the 
mammals of the time. Of later age than these deposits there is found in the district 
of Touraine, traversed by the rivers Loire, Indre, and Cher, a group of shelly sands 
and marls, which, as far back as 1833, was selected by Lyell as the type of his Miocene 
subdivision. These strata occur in widely extended but isolated patches, rarely more 
than 50 feet thick, and are known as ‘^Faluns,” having long been used as a fertilising 
material for spreading over the soil. They present the characters of littoral and shallow- 
water marine deposits, consisting sometimes of a kind of coarse breccia of shells, 
shell-fragments, corals, polyzoa, &c., occasionally mixed with quartz-sand, and now and 
then passing into a more compact calcareous mass or even into limestone. Along a line 
that may have been near the coast-line of the period, a few land and fresh-water shells, 
together with bones of terrestrial mammals, are found, but, with these exceptions, the 
fauna is throughout marine. This fauna includes abundant corals and numerous 
mollusks, together with the bones of marine mammalia. Its general character serve.s 
to show that the temperature of the sea and no doubt also the land-climate of this 
region were still considerably warmer than those of the south of France to-day. 

In the region of Bordeaux and the x>lains of the Garonne southward to the base of the 
Pyrenees, a large area is overspread with Oligocene deposits, equivalents of some of the 
younger Tertiary series of the Paris basin. Above tliese fresh-water and marine beds 
lie patches of faliins like those of Touraine, containing a similar but somewhat older 
assemblage of marine fossils. Other marine deposits of Miocene age are found running 
up the valley of the Rhone. But in the south and south-east of France the Miocene 
strata are mainly of lacustrine origin, sometimes attaining a thickness of 1000 feet, as 
in the important series of limestones and marls of Sansan and Simorre. 

As the result of a comparison of the organic remains obtained from the broad tracts 
of the marine faluns of Touraine, and of the other districts of France where similar 
accumulations are found, and from the fresh -water deposits of the western, central, and 
south-eastern regions of the country, the French Miocene formations have been grouped 
into the subdivisions shown in descending order in the subjoined table : — 

Tortonian (so called from Tortoiia in North Italy), comprising nodular marls with 
Helix turonensis (raolasse of Anjou) ; in Aquitania a marine rnolasse with 
Ostrea crassissima, and Pecten solariim ; iii Provence sands and sandstones 
with Ostreci crassissima, inolasse with Cardita Jouanneti (Cabrieres, Cucuron) 
and other deposits, which extend up the valley of the Rhone and have filled up 
fissures in the Jurassic limestones. Of tliese fissure-deposits the liest known is 
that of Grive Bt. Alban, between Lyons and Grenoble, which has yielded 63 
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species of mammals. The Tortoniaii stage indicates a general recession of the 
sea and the spread of lacustrine areas, especially over the region hetween the 
valleys of the Ehone and the Danube, these areas being those in which the 
uppermost Miocene deposits of Switzerland were laid down. 

Helvetian (named from its development in Switzerland) is well represented in the 
Paris basin by the faluus of Touraine above mentioned. These deposits have 
yielded numerous corals and upwards of <100 species of mollusks, of which the 
following are characteristic, Pholas iJujcunlim^ Venus dath rata, Osirea crassissima, 
Pecten striatus, Qa^'dium turomcum, Gardita affinis, Trochns incrassaius, 
Gerithiu’m intradeiitatum, Turritella Llmitvi, T. hicarinata, Pleurotowa 
tuhe^culosa, with species of Gyprsea, Conus, Mtcrex, Oliva, A ncilla, and 
Fasdolaria. This assemblage of shells indicates a warmer climate than that of 
Southern Europe at the present time. The associated mammalian bones include 
the Mastodon, Rhinoceros, Hippopotamus, Chasropotanms, deer, &;c., and 

extinct marine forms allied to the morse, sea-cow, and dolphin. Similar fahms, 
rather later in age, are found in Anjou, Maine, Brittany, and the Cotentin, 
Farther south in the Armagnac (Aquitania) marine were replaced by lacustrine 
conditions, and a mass of variegated marls and calcareous sandstones accumu- 
lated to a depth of about 1000 feet. These strata (Calcaires de Sansan et de 
Simorre) have acquired great celebrity from the abundance and variety of their 
mammalian fauna, which includes antelope, beaver, vole, Hysenarctos, 
Madmrodvs, cat, Lryopithecus, &c. 

Langhian (from Langhe, Italy) or Burdigalian (from Bordeaux) represented in 
the Paris basin by the Sables de TOrleanais, de la Sologne and de I’Eure. 
These fluviatile accumulations are particularly interesting from the terrestrial 
fauna preserved in them, which includes Dinotherimn giganteuin, Mastodo'n 
angustidens, M. tapiroides, M. pyrenaicvs. Rhinoceros Schleiermacheri , R. 
sansaniensis, R, Irachypus, Ancliitherium aurelianense, xinthracothefimn 
onoidemn, Amphicyon giganteus, Machnrodus cultridens, Uelladotherium 
Puvernoyi, Hicroceras elegans, and several apes and monkeys {Pliopithecus, 
lryopithecus). As Professor Gaudry has observed, we have here evidence of the 
commencement of the reign of proboscideans and apes. In Aquitania the deposits 
of this stage are marine and consist of fain ns typically displayed around 
•Bordeaux. Among their fossils are Clypeaster marginatus, Orbitoides (Lycophris) 
lenticulaois, Cardiuni hurd.igalinum, Pecten hurdigalensis, Lucina columhellu, 
Oliva plicaria, with teeth of sharks and bones of dolphins. The sea at this 
period stretched across Provence, ascended the valley of the Ehone and swept 
round the west end of the Alps, leaving behind as its record a series of con- 
glomerates and sandy and marly deposits with characteristic shells. These 
strata have since been folded and faulted in the great movement.s of upheaval 
which gave its tinal form to the Alpine chain. 

Belgium. — In this country, the upper Oligocene strata of Germany are absent. 
In the neighbourhood of Antwerp certain black, grey, or greenish glauconitic sands 
(‘‘Black Crag,’" Bolderian, and Anversian) present palseontological characters which were 
at one time supposed to indicate a mingling of Miocene and Pliocene forms. These 
deposits were accordingly termed by some geologists Mio-pliocene. They consist of 
gravelly sands at the base, containing cekacean hones {Heterocetics), fish-teeth, Ostrea 
navicularis, Pecten Caillaudi, &c. They" are followed by sands with Pectuncidus 
Heshayesi (pilosus), and these by sands with Panopmt MenardL More recent research 
has shown that the lower part of the series of deposits is Miocene,^ and is separated 
by a break and erosion-line from the superincumbent Diestian group, which is referable 
to the Pliocene series. 

Germany. — Certain deposits of dark clay and sand which spread over parts of the 
north-west of Germany, and contain Comis Dujardini, O. antcdiluvianus, Fusus fcstivus, 
Isocardia cor, PectuncuZ'us Deshayesi (pilosics), Zin^opsis aurita, &c., are referred to the 
Miocene formations. These are doubtless a prolongation of the Belgian series. Else- 
where the deposits referable to this geological period are lacustrine or fluviatile in origin, 
and are especially marked by the occurrence in them of brown-coals which are worked. 


^ E. Van den Broeck, xinn. Site. Malac. Belg. xix. (1884). 
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In tlie Mainz Tertiary basin an important series of marine, brackish, and fresb-water 
deposits occurs, which has been arranged by Fridolin Sandberger as follows d — 

Pliocene — 

Uppermost brown-coal. 

Bone-sand of Eppelsheim (Dinotherinin-sand), see p. 1293. 

Miocene — 

Clay, sand, &c., with leaves. Brown- coal of the Wetterau and Vogelsberg. 

Limestone with Hydrohia acuta,^ Belix mogwitina, Planorhis, JJreissensiu, &c. 
Corbicnla beds with Corhicula Faujasii, Bydrohia infiata, B. aciita. 

Cerithiuni limestone and land-snail limestone. 

Sandstone with leaves {Cinnamomum, Sabal, Quercus, Uhnus), 

Oligocene (see p. 1257). 

The lower Miocene beds of this area present much local variation, some being full of 
terrestrial plants, some'containing fresh-water, and others brackish-water and marine 
shells, indicating the hnal shoaling of the Oligocene fjord which ran down the upper 
valley of the Ehine as far as Mainz. Among the plants are species of Quercus, Ulmus, 
Planera, Cinnamomum, Myrica, Sabal, &c. The land-snail limestone contains numerous 
species of Belix and Pupa, with Cyclostoma and Planorbis. The Ccrithimn limestone 
contains marine or estuarine shells, as Perna, Mytilus, Cerithium ( C. Paliiii, Potamides 
plicatus), Nerita. Among the various strata, bones of some of the terrestrial mammals 
of the time occur {Caenotherium, Palaeomeryx). The Litorinella limestone, the most 
extensive bed in the series, is composed of limestone, marl, and shale, sometimes made 
up of Hydrohia acuta, in other places of Dreissensia Brardi, or Mytilus Faujasii. 
Abundant land and fresh-water shells also occur. Of greater interest are the mammalian 
remains, which include those of Dinotherium giganteum, Palseomeryx, Csenotherium, 
Phinoceros incisivus, Bipparion {BipiMherium) and Cerrus. The hora of the higher 
parts of this Miocene series includes several species of oak and beech, also varieties of 
evergreen oak, magnolia, acacia, styrax, fig, vine, cypress, and palm. 

Vienna Basin. ^—Overlying the Aquitanian stage (p. 1259), where that is present, in 
other cases resting unconformably upon older Tertiary rocks, come the younger Tertiary 
or Neogene deposits of 'the Vienna basin-— a large area comprising the vast depression 
between the foot of the eastern Alps near Vienna, the base of the plateaux of Bohemia 
and Moravia, and the western slox^es of the Carpathians. This tract communicated 
■with the open Miocene sea by various openings in different directions. Its Miocene 
deposits are composed of two chief divisions or stages as follows, in descending order : — 

Sarmatian or Cerithium Stage. — Sandstones passing into sandy limestones 
and clays, or ‘‘ Tegel (the local name for a calcareous clay). The following 
subdivisions occur around Vienna : — 

Upper Sarmatian Tegel, or Muscheltegel— distinguishable from the Hernals 
Tegel below by an abundance of shells {Tapes gregaria (Fig. 474); Pxmlia, 
Cardium, &c,), 295 feet. 

Oerithium-sand— a yellow, abundantly shell-betoig, quartz-sand— the main 
source of water supply at Vienna, where it is sometimes nearly 600 feet thick. 

It yields Cerithium pictum, C. ruhiginosmn, 0. disjunctum, Murex sublaratus, 
Buccinum duplicatum. Tapes gregaria, Mactra podolica, Ervilia j^odolica, 
Cardium obsoletum, &c. 

Hernals Tegel— sand and gravel, with liissoa angulata, Cerithium, Viviparus, 
remains of seals {Phoca vi7idobouensis) turtles, fishes and land plants. 

The Sarmatian stage is characterised by the prodigious number of individuals 
of a comparatively small number (scarcely 50) of species of sheiks. The 

1 ‘ Untersuchungen fiber das Mainzer Tertiarbecken,’ 1853 ; ‘Die Conchylien des Mainzer 
Tertiarbeckens,’ 1863. 

‘-2 T. Fuchs, Z. I). G. G. 1877, p. 653 ; Hornes and Partsch, ‘Die Fossil. Mollusken 
Tertiar. Beckens,’ Wien, 1851-70 ; Ettingshausen, ‘Die Tertiarfloren d. Oesterr. Monarchie,’ 
1851 ; Von Hauer’s ‘Geologie,’ p. 560 ; F. Toula, ‘Lehrbuch der Geologie,’ 1900, pp. 311- 
317. 
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dj&nudatus^ Solenomya JDoderleini) and gasteropods, witli some ceplialopods, 
particularly Aturia xituri, and fishes {M delta). 

Switzerland. — Immediately succeeding the strata described on p. 1258, as referable 
to the Oligocene series, come the following groups in descending order : — 

Upper fresh- water Molasse and brown-coal (Oeiiingen or Tortoniaii stage), consisting 
of sandstones, marls, and limestones, with a few lignite-seams and fresh -water 
shells, and including towards the top the remarkable gi’oup of plant- and insect- 
bearing beds of Oeningen.^ 

Upper marine or St. Gall Molasse (Helvetian stage) — sandstones and calcareous 
conglomerates, with 37 per cent of living species of shells, which are to be 
found partly in the Mediterranean, and partly in tropical seas : Pectuncuhis 
Deshayesi {'pilosus), Panopaea Menardi, Qardita Jouanneii^ Conus mntricosus, &c. 

Lower fresh-water or Grey Molasse (Lhangian stage, Mayencian, Biirdigalian), — 
sandstones with abundant remains of terrestrial vegetation, and containing also an 
intercalated marine band with Cerithium lignita^'ium^ Mutex plicatus^ Venus 
dathmta, Ostrea crassissima, &c. 

The lower Miocene beds (1st Mediterranean stage of Suess) in the Bale district 
consist of grey sands and sandstones, at the base about 40 metres thick, and containing 
land-plants {Alnus, Cinnamomum). These are surmounted by fresh- water limestones, 
gypsum, and chert, which attain a thickness of 180 metres, and enclose such shells as 
JPelix rugulosa, Planorbis cornu, P. declivis, and remains of Chara. The Grey Molasse 
of Lausanne has furnished numerous fan-palms, laurels, figs, acacias, and water-lilies. 
In the Lucerne district an intercalation of marine strata is found in the Lower division, 
containing a large number of individuals and few species {Troclms patulus, Natica 
lurdigalensis, Tapes xetula, T. helvetica, &c.). The massive conglomerates of the Rigi 
(Kalknagelfluh and variegated or polygenetic hTagelfluh), which with their intercalated 
marls and beds of sandstone reach a thickness of 1200 to 1800 metres (3900 to 5900 feet), 
rest upon the red molasse (p. 1258) and are believed to represent the Lower and Middle 
divisions of the Miocene series, or both the first and second Mediterranean stages of 
Suess. These enormous accumulations of coarse detritus appear to have been gathered 
together along the northern front of the Alps, partly from the waste of the older rocks, 
which can still be seen, but partly also from rocks which do not now appear at the 
surface. The finer layers of sediment enclose remains of Sequoia Langsdorji, 
Zmgiherites multiiurvis, Rhamnus Gaudini, Cinnamomum Scheuchzeri, &c.^ 

The St. Gall molasse is regarded as a marine facies of the second Mediterranean 
Stage or Middle Miocene of Switzerland. In the Rigi district the Upper division of the 
series is represented by marls and sandstones of lacustrine origin (Knauermolasse) with 
Helix, Limnsea dilatata, Planorbis Mantelli, Melania {Melanoides) Escheri, XJnio fiabel- 
latus, together with Salix, Quercu-s, Cinnamomum, &c. But the most noted member of 
the Upper Miocene of Switzerland is to be recognised in the group of thin bedded fresh- 
water limestones of Oeningen at the end of the Lake of Constance. From the quarries 
there, now abandoned, Heer obtained some 50 vertebrates, 826 specimens of insects, 
some 40 other invertebrates and 475 species of plants. In these strata, so gently have 
the leaves, flowers, and fruits fallen, and so well have they been preserved, we may 
actually trace the alternation of the seasons by the succession of difierent conditions of 
the plants. Selecting those plants which admit of comparison, Heer remarks that 131 
might be referred to a temperate, 266 to a sub-tropical, and 85 to a tropical zone. 
American types are most frequent among them ; European types stand next in 
nipnber, followed in order of abundance by Asiatic, African, and Australian. Judging 
from the proportion of species, the total insect fauna may be presumed to have been 
Ihen richer in some respects than it now is in any part of Europe. The wood- 
beetles were specially numerous and large. Hor did the large animals of the land 


^ Heer, ‘ Urwelt der Schweiz,’ p. 453. 

^ Livret Guide, Congrh Geol. Internal, 1894. 
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escape preservation ia tl>e silt of the late. We know, from bones found in the Molas^e 
that among the inhabitants of that laud were species of tapir, mastodon, 
and deei. The woods weie haunted by musk-deer, apes, opossums, three-toed horses’ 
and some of the strange long-extinct Tertiary ruminants, akhi to those of Eocene tin, < 
There were also frogs toads, lizards, snakes, squirrels, hares, beavers, and a numl^r.d 
small carnivores. On the lake, the huge ECnotkerium floated, mooring Mmadf 
perhaps to its banks by the two strong tusks in his under jaw. The waters lore lib- 
wise tenanted by numerous fishes, of which 32 species have been described (all save on- 
referable to existing genera), crocodiles, and cbelouians. 

Italy.— The enormous Aquitanian stage of Liguria (p. 1259) is followed by (1) blue 
homogeneous marine marls (of Langhe, whence the term Langhiani, reaching a depth of 
nearly 2000 feet and marked by the abundance of pteropods, also OMrea mgleeta, 
Cass^da■n^ wZyarw and Muria This Langhiai, or Burdigalian stage is sur- 

mounted by (2) the Helvetian stage (3280 feet), composed of three divisions : a lower (1000 
to 1300 feet) composed of shaly marls rich in Vaginella, CUodora, &e. ; a middle (700 
to 750 feet) consisting of yellowish sandy molasse with bryozoa. Peden veMaal,nua. 
Terelratula miocenicco, kc. and an upper (more than 300 feet) com|>ose(I of be<is of 
conglomerate and nnllipores, with oysters, pectens, &c- This stage is well dereloped 
on the hill of the Superga near Turin, where the lowest member is a conglomerate ^ lOOO 
or 1300 feet thick, containing pebbles of serpentine and numerous fossils {CivnlUa 
Jo%iannet% A.ncillcL glaTidiformis^ and. other falun species) and overlain bv some 650 
feet of sandy molasse {Pecteii ventilabiritm, Cidaris aveniomnms\ which is followed by a 
conglomerate with nnllipores. (3) The Tortonian stage, which supervenes on these strata, 
consists of about 650 feet of blue marls, forming a remarkably persistent band, and 
noted for the profusion of its organic remains, especially of Pieurotomarla, together 
■with Conus ci7itig7ius and other species, Trochus patulus, Turritella iripUmia, Polnta 
Tctrispinai Ancilla glandijormis, kc.^ 

Greenland.^ — One of the most remarkable geological discoveries of modern times has 
been that of Tertiary plant-beds in I^orth Greenland. Heer has described a hors 
extending at least up to 70® N. lat., containing 137 species, of which 46 are found also 
in the Central European Miocene basins. More than half of the plants are trees, in- 
cluding 30 species of conifers (Sequoia, Thujopm, Salisburia, &c.), besides beeches, oaks, 
planes, poplars, maples, walnuts, limes, magnolias, and many more. These plants grew 
on the spot, for their fruits in various stages of growth have been obtained from the 
deposits. From Spitzbergen (78° 56' IN’, lat.) 136 species of fossil plants were named 
by Heer. But the last. Arctic expedition of the British Navy brought to light a l>ed of 
coal, black and lustrous like one of tlie Palaeozoic fuels, from 81° 45' N. lat. It is from 
25 to 30 feet thick, and is covered with black shales and sandstones full of land-plants. 
Among these, Heer noticed 30 species, 12 of which had already been found in the Arctic 
Miocene zone. As in Spitzbergen, the conifers are most numerous (pines, firs, spruces, 
and cypresses), hut there occur also the Arctic poplar, two species of birch, two of hazel, 

^ On the origin of the Miocene conglomerates of the Ligurian Apennines, see L, 
Mazzuoli, Boll. Com. Geol. Ital. 1888. This author, rejecting the glacial origin which 
Gastaldi and other writers have claimed for these enormous masses of coarse detritus, some- 
times more than 1300 feet thick, regards them as littoral dejwsits formed dining the 
depression of the region at the end of the post-Eocene uplift. One of the moist valuable 
papers on the Italian Miocene and Pliocene is hy C. Be Stefani, “Terrains Tertiainis 
Superieurs du Bassin de la Mediterrande,” Ann. Soc. GioL Belg, xix. (1891b PP- 201-419. 

2 0. Mayer, B. S. G. F. (3) v. p. 288 ; P. Sacco, ‘II Bacino Terziario del PiemMH' 
Turin, 1889. Miocene strata have been involved in the last Apermine phcation. 

^ Heer, ‘Flora Fossilis Arctica,’ in seven vols. 1868-83 ; Q, J. G. S 1878, p. §6, 
Nordenskjold, GeoL Mag. iii. (1876), p. 207. In this paper sections, with lists of tl» 
plants fonnd in Spitzbergen, are given. 
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an elm, and a viburnum. In addition to these terrestrial trees and shrubs, the lacustrine 
waters of the time bore water-lilies, while their banks were clothed with reeds and 
sedges. When we remember that this vegetation grew luxuriantly within 8° 15' of the 
North Pole, in a region which is now in darkness for half of the year, and almost 
continuously buried under snow and ice, we can realise the difficulty of the problem in 
the distribution of climate which these facts present to the geologist. 

India. — The Oligocene and Miocene deposits of Europe have not been satisfactorily 
traced in Asia. As already stated, the upper part of the massive Nari group of Sind 
may represent some part of these strata. The Nari group is succeeded in the same 
region by the Gaj group, 1000 to 1500 feet thick, chiefly composed of marine sands, 
shales, clays with gypsum, sandstones, and highly fossiliferous bands of limestone. 
The commonest fossils are Ostrea onulticostata, and the urchin Breyoiia carinata. Some 
of the species are still living, and the whole aspect of the fauna shows it to be later than 
Eocene time. The uppermost beds are clays with gypsum, containing estuarine shells 
and forming a passage into the important Manchhar strata. The Manchhar group of 
Sind consists of clays, sandstones, and conglomerates, computed to be sometimes 10,000 
feet thick, divisible into two sections, of which the lower may possibly be Miocene, while 
the upper may represent the Pliocene Siwalik beds (p. 1297). As a whole, this massive 
group of strata is singularly iinfossiliferous, the only organisms of any importance yet 
found in it being mammalian bones, of wdiich 22 or more species have been recognised. 
All of these occur in the lower section of the gi'oup. They include the carnivore 
Amjphicyon 'palmiuliciis, three species of Mastodon^ one of Dinotlierium, two of 
Rhinoceros, also one of Sus, Chalicotherium, Anthracothermni, Hyopotamus, Eyothermm, 
Dorcatherium (two), Maniis, a crocodile, a chelonian, and an ophidian.^ 

North America. — Overlying the Eocene formations (p. 1241), and following in a 
general way their trend, but sometimes with a slight unconformability, a belt of marine 
deposits, referred to the IMiocene period, runs along the Atlantic border through the states 
of New Jersey, Delaware, Maryland, Virginia, North and South Carolina, and Georgia. 
These strata are grouped as shown in the subjoined table : — 

3. Yorktown or Chesapeake beds, well developed at Yorktown, Virginia, in Mary- 
land, along the rivers and on the west shore of Chesapeake Bay. Among the 
characteristic fossils are Ostrea, percrassa, Pecten jeffersonhis, Area idonea, 
Pectunculus svbovatus, Astarte undulata, Crassatella undulata, Lucina 
anodonta, Venus cortinarea, Meretrix man'ylandica, Dosinia acetabula, Panopmt 
reftsxa, Qorbula idonea, T ellina biplicata, Typlvis acuticosta, P'usus exiHs, &c. 

2. Chipola beds, so named from their development along the River Chipola in 
Florida, their most fossiliferous portion being ferruginous sands which have 
yielded nearly 400 species. The gasteropoda are specially prominent {Strombus 
AldricM, Tuiritella indenta, T. svbgrundifera, T. chipolana, Bittmin chipo- 
lanum). 

1. Chattahoochee beds, well displayed on Chattahoochee River in south-west Georgia 
and north-west Florida. The fauna, which resembles that of the Miocene 
deposits of the West Indian islands and Central America, includes tlie species 
named by Heilprin Orthavlax pugnax, Pyrazismus campanulatus, P, acutns, 
Cerithiim hillshoroense, Vasum suhcapitellwn, Turritella Tmipw, and others. 

Along the Pacific Coast representatives of the marine Miocene formations are like- 
wise found ill California and nortluvards in Washington, Oregon, British Columbia, and 
Alaska. In California the so-called lone formation, consisting of clays, sands, and 
sandstones about 1000 feet thick, is referred to the Miocene series. In the Sacramento 
valley it is surmounted by a group of volcanic tuffs called the Tuscan formation. In 
the Mount Diablo region the Miocene series consists of coarse grey sandstones with 
Ostrea titan. In Oregon the strata known as the Astoria shales and sandstones have a 
wide distribution on both sides of the Coast Range. They contain Yoldia impressa, 


^ Medlicott and Blanford’s ‘Geology of India,’ p. 310. 
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y. Cooperi, JShicula dwaricata, N. truw:ata, Mactra, albaria, &c.’ The Astoria .-rm. 
of marine fossils is well developed in Alaska.*- 

As in the earlier periods of Tertiary time, the Miocene deposits in the interior of tl.e 
Continent are of fresh-water origin. They are generally believed to have been deposit d 
'll! a succession of broad lakes and are regarded as divisible into two groups, the' one 
representing the lower and the other the upper portions of the Miocene series The 
lower IS well displayed m Eastern Oregon, where it forms the John Day group lanVy 
composed of volcanic tuffs, and reaching a thickness of several thousand feet The upue'r 
division consists of two sub-stages, of which the older is named the Deep River ^b- 
stage (150 feet), from its development on the Deep River, Montana, north of the Yellow- 
stone Park. The younger or Loup Fork (Nebraska) snbstage, about 400 feet thick 
partly of lacustrine and partly of finviatile origin, has a wide distribution, seeing that itl 
■ representatives have been traced from Oregon into Mexico. ^ 

Among the characteristic mammals of the John Day group are the rodents Sciurm 
WortTnamii, Allo^nys mtens, A. Uppodus, Entoptychus planifroiis, laciailm locking- 
tonianus, Lepus emiisiamis, the carnivores Raradaphmnm {Ampkimjou) cuspigerMS, 
JVothocyon {Galecijnus) lemur, Tcmnocyon altigenis, Binictis cy clops. Arduvlimis dehiiis 
&c. ; horses {MesoTvippus or AncUtheriiim), rhinoceroses the elotherid 

Eodchoerus Tiumerosus, the pig BothrolaUs. the oreodonts Agriochcerus. Eporcodon, Menfco- 
cJioerus {Oreodcyii), and the camels Erotomeryx and Eypertragulus. The Loup Fork beds 
have yielded a still more varied mammalian fauna, winch comprises rotients [Jlylaifaulns. 
Ceratogaulus, Steoieofiher), carnivores {JBlurodon, four species, Amphicymi. hmardus. 
JPse^tdseluTUs), elephants, horses {Aiichippus, Protohippus, several species, Pliohlppus. 
PPipparion), rhinoceroses {AceratJierium, Teleoceras, several species), oreodonts [Ma^y- 
chyus, Cydopidi%vs), camels {Procamdus, several species, Protalahis, MidaUs), deer 
{Blastgmcryx, Oosoryx) and bisous. 

South America. — In the southern part of this Continent a great series of Tertiary 
formations represents the Miocene, Pliocene, and Pleistocene periods, but the precise 
correlation of the different members with those of ITorth America and the Old World 
lias not yet been settled. The Patagonian formation, which covers so vast an area, is of 
marine origin, and has yielded some 200 species of invertebrates. The general character 
of these organisms points to their being of Miocene age.^ A remarkable feature in them 
and in the vertebrate fauna of the overlying formation is the striking affinities they show 
to the Miocene and living forms of Australia and New Zealand (Pareora be<is\ |>erhaps in- 
dicating either a land connection or shallow seas and islands between South America and 
Australasia. Above the Patagonian comes the Santa Cruz formation, where mammalian 
remains have been met with in greater abundance than in any other known dejvosit. 
Even more remarkable than their numbers are their variety and their contrast to those 
of the northern continents. The fauna is marked by the presence of numerous eaniivor- 
oxis and herbivorous marsupials, by an extraordinary variety of edentates, sloths, 
armadillos, and ant-eaters, by many genera of ungulates belonging to peculiar orders 
{Typotherici, Litopterna, Toxodontia), and by South American types of monkeys and 
rodents. Besides these positive features, the assemblage of organisms is further dis- 
tinguished by tbe absence of families of common occurrence elsewhere. There are no 


1 J. S. Diller, 17^^ Ann, Pep. U.S. G. S. Part i. (1896), p. 29. 

^ For a list of the Alaskan localities and the species found at them, see \V. H. Dali and 
G. D. Harris, Bull, U,S. O, S. 84 (1892), p. 253. 

2 The upper part of the Loup Fork group, according to Professor Scott, may be Pliocene. 
A. E. Ortmann has published an account of the Tertiary invertebrates. He regards 

the Patagonian beds as of Lower Miocene age, dwells on the remarkable affinities of the 
faunas of South America, New Zealand, and Australia, and discusses the theory of an 
Antarctica or Antarctic Continent, Princeton University RepoTts\ frcnn Eqpeditmi to 
JPatagonia, voL iv. Part ii. pp. 303-310. , 


1274 


BTEATIGRAPHIGAL GEOLOGY 


BOOK VI PART IV 


true carnivores, creodonts, artiodactyls, perissodactyls, elepliants, mastodons, or bats.^ 
Unconformably above the Santa Cruz formation lie the Cape Fairweatlier beds, wliicb 
from their fossils are regarded as Pliocene. 

Australasia. — In Victoria certain deposits later in date than those mentioned on 
p. 1260 have been referred to the Miocene period. They indicate marine, lacustrine, and 
terrestrial conditions, with the existence of contemporaneous volcanic activity towards 
the end of the series. The marine rocks consist mainly of calcareous sandy strata and 
limestones, with Cellepo^ut, Hpatangics, TcrcLratiila^ &c. The lacAistrine dejx)HitH are 
clays and lignites, and the lluviatile materials consist of gravels and sands which are 
often aurifei'ous. Great sheets of basalt, forming the older volcanic series, liave bc'cn 
poured over these various accumulations, which are sometimes 300 feet thick. A large 
number of plants, mollusks, fishes, and marine mammals has been obtained from this 
Miocene series.*^ 

Rocks assigned to Miocene time in New Zealand have been divided by Hector into : 
1st, A lower series, consisting of calcareous and argillaceous strata widcdy spread over 
the east and central part of the North Island and both sides of the South Island. They 
can be traced to a height of 2500 feet above the sea. Marine shells abound in tlumi, 
including 55 species which are found among the 450 shells that now live in tluj adjacent 
seas. Some of the most notable fossils are Plmrotoma. awamoa- 

crisis', Con, us Tmilli, TufrUella gujantca, JBuccinum lloMnsoni, Oiwullma aUa. In some 
places thick deposits of an inferior kind of brown-coal occur in this subdivision. 2nd, 
An upper series composed of littoral or sub-littoral accumulations of sand, gravel, and 
clay. They have yielded 120 recent species of shells, and 25 species which app(*ar now 
to be extinct. Specially characteristic are Ostrea inffens, Mnrex odarjonm, Enmis triton, 
Struthiolarin cingulata, (JMonc imimilis, Pecten gcimmilatusp 

According to the classification of Captain Hutton, the Miocene rocks of New' Zealand 
are comprised in his Pareora scries (p. 1246), which, occasionally overlying lunls of coal, 
consists chiefly of soft sandstones and clay.s, with limestones on tbe east coast of the 
North Island from Wellington to Hawke’s Bay. It has yielded about 235 species of 
mollusks, of which 51 are common to the Oainaru series below, and from 20 to 65 ]H5r 
cent are still living. Tbe large size of some of the shells is remarkable, (‘Specially those 
of the genera Ostrea, Pccten, Livia, OiccuUim, CrassaUlht, Cardium, Mcretrix, P>f,nt(ditim, 
Plcurotomaria, Turbo, Pcnlaria, Turritr.lla, and Natina. The fauna has thus a some 
what tropical aspect, whhdi is supported by the flora found among the shales and Hgnibm 
in the upper part of the series. The fruit of palm trees has b(‘.cu met with not only near 
the northern end of the North Island, but even as far south as Oaniarii in the Houlh 
Island (lat. 45® S.). An interesting feature of this series of strata is tlni (jvichmee it 
contains of contemporaneous volcanic activity. It intdudes remnants of tin? last 
eruptions of the KSouth Island and the earliest of those wliicdi now began in the North. 
The latter are shown in the andesites of the Thames gold-fields, Whangarei Hcjads and 
Great Barrier Island, and in the trachytes of Hicks Bay, all of which ludong to an 
early part of the Pareora period. Rather later are the rhyolites of the cliffs around Lake 
Taupo. Since the marine deposits w'erc laid down they have been upraised to a height 

^ This extraordinary fauna has been partly described by Lydekker in tin? Palejmtologm 
Arge/ntina, 1890 and subsecpiently, no fewer than 20 genera of edentates lieing given. More 
recently the expedition referred to in the foregoing note has Ijeen sent from Princeton 
University, and a vast collection has been made of whicdi an ac^count is now in course 
publication. When complete the Palajontological part of the Report will consist of three 
massive quarto volumes, in which the organic remains will l)e fully illustrated and descril>ed. 

" W. B. Scott, Brit. Assoc. 1900. 

R. A. F. Murray, ‘Geology and Physical Geography of Victoria,’ 1887. M ‘Coy, 
‘Prodromus of Victorian Paleontology.’ The younger volcanic series is Pliocene (p. 1299). 

** Hector, ‘Handbook on New Zealand,’ p. 27. 
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of 3000 feet above the sea in the South Island, and to not less than 4000 'feet in 
Hawke’s Bay.^ 


Section iv. Pliocene. 

§ 1. General Characters. 

The tendency towards local and variable development, which is 
increasingly observable as we ascend through the series of Tertiary 
deposits, reaches its culmination in those to which the name of Plio- 
cene has been given. Doubtless one main cause of this aspect of the sedi- 
mentation is to be sought in the comparatively trifling geographical changes 
which have taken place since the Pliocene strata were accumulated. The 
sea-floor has, for the most part, been only slightly upraised, so as to expose 
merely the remains of the shallower and more confined waters. The wide- 
spread oceanic deposits of the period, which may have been as extensive 
and as thick as those of earlier ages, still lie buried under the sea. Where 
a more serious amount of uplift has occurred, much thicker representatives 
of Pliocene sediments have been brought to light. Thus in the basin of the 
Mediterranean, especially along both sides of the Apennine chain and in 
Sicily, where the elevation since Pliocene time has been considerable, a 
thickness of 1500 feet or more of Pliocene sediments has been raised into 
land. These deposits were accumulated during a slow depression of the 
sea-bottom, and their growth was brought to an end by the subterranean 
movements which culminated in the outbreak of Etna, Vesuvius, and the 
other late Tertiary Italian volcanoes, and in the uprise of the land between 
the base of the Apennines and the sea on either side of the peninsula. 
Great volcanic activity continued to manifest itself in other districts, such 
as Central Prance. As a whole, the marine Pliocene deposits of Europe, 
local in extent and variable in character, reveal the beds of shallow seas, 
the elevation of which into land completed the outlines of the Continent 
at the close of Tertiary time. Thus these waters covered the south and 
south-east of England, spreading over Holland, Belgium, and a small part of 
northern France, but leaving the rest of northern and western Europe as 
dry land. Here and there, in south-eastern Europe, evidence exists of 
the gradual isolation of portions of the sea into basins, somewhat like 
those of the Aralo-Caspian depression, with a brackish or less purely 
marine fauna. In some portions of these basins, however, as in the 
Karabhogas Bay of the existing Caspian Sea, such concentration of the 
water took place as to give rise to extensive accumulations of salt and 
gypsum. In a few localities, fluviatile and lacustrine deposits of the 
Pliocene period have been preserved, from which numerous remains of 
terrestrial vegetation and mammals have been obtained. 

The Pliocene flora is transitional between the luxuriant evergreen 
and sub-tropical vegetation of the Miocene period and that of modern 
Europe. Prom the evidence of the deposits in the upper part of the valley 
of the Arno, above Florence, it is known to have included species of 
^ Captain Hutton, Trans. New Zeal. Inst, xxxii. (1899), p. 171. 
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general character of the fauna is that of a temperate climate, and is strongly 
contrasted with that of the Mediterranean stage in the absence of the affinities 
with tropical or sub-tropicalfornis, and even with thoseof thepresent Mediterranean, 
and on the other hand in some curious analogies with the living fauna of the 
Black Sea. Corals, echinoclerms, bryozoa, foraniinifera are absent or very rare, and 
the suggestion has been made that the change of the earlier Mediterranean fauna 
into that of the Sarmatian stage points to a gradual diminution of the salinity of 
the waters of the Vienna l)asin, as has happened with the existing Black Sea. 
The terrestrial flora is characterised by some plants that survived from the earlier 
or Mediterranean stage ; but palms are entirely absent, and the American element 
in the flora is no longer surpassed by the preponderance of Asiatic types. 

Mediterranean or Marine Stage. — A group of strata varying greatly from 
place to place in petrographical characters, with corresponding differences in fossil 
contents. It has been divided into two sections, in descending order, as 
follows : — 

(2) Second snbstage, widely spread over the Vienna basin and extending into 
the Paniionian region, yielding more than 1000 specie.s of fossils and presenting 
various phases of sedimentation. Among these jffiases the more important are : — 

Leithakalk, a limestone often entirely composed of organisms. In some places it 
mainly consists of calcareous algaa (Nulliporenkalk, Lithothamuienkalk) ; else- 
where of reef-building corals (Korallenkalk), while certain soft varieties are largely 
made up of bryozoa (Bryozoenkalk). The layers of limestone are often 
separated by bands of tender marls full of foraminifera {Am2)histegina JIauerif 
&;c.). The limestone is rich in lamellibranchs {Ostrea digitalma, 0. cmssisswia, 
Pecten adiuicus, Pectunculus Deshayesi (pihsus), Verms unibonaria, V. multi- 
lamella^ Cardita^ Cardium, Spondylus, &c.), gasteropods {Ancilla, Cerithiwn, 
Coiuis, Qiipriva, Stromhis, Turritella), with echini (large clypeasters), fish-teeth 
{Oarcharodon, Lamna, &c.) and bones of mammals. Along the margin of the 
basin the limestone passes into sandy and conglomeratic deposits (Leitha- 
conglomerate or schotter) which contain large oysters, PeciuncuhiSj Pecten, and 
abundant specimens of Olypeaster. 

Neudorf Sands — coarse sands with Ostrea digitalina^ Panopsea Menardi, Anomia, 
Pecten, Pinna, Qardita, Turritella, Conus mid numerous fish-teeth. 

Pdtzleinsdorf Sands — fine yellow sands with Tellina planata, Lucina columhella, 
Venus umhong^fia, Aleretrix, Turritella. 

Marl of Gainfahren, and Grinzing — sandy marls with about 300 species, especially 
of lamellibranchs and gasteropods. 

Baden Tegel — a fine blue plastic clay, abundantly fossiliferous. Species of 
Pleurotoma {P. caiaphracta, P. oiotata, P. Laman'ki) are so conspicuous that the 
deposit is known as the Pleurotomentegel. Other gasteropods are Pentaliunv 
hadense, Ancilla glandiforniis, Cassis sahuron, Fusus longirostris, Natica 
helicina, Ringicula huccinea. Conus, Mitra, &c. Among the lamellibranchs are 
Corhda gihha and Pecten cristatus. 

Grund Beds — Highly fossiliferous marine marls which spread into Moravia. They 
contain a commingling of the forms found in this and the underlying substage, 
including Turritella cathedralis, T. bicarinata, Pyrula rustica, Murex 
aquitanicus, Co'rius ventricosus, Ancilla glandiforniis, Myiilus Haidingeri, 
Ostrea crassisswim, Pecten aduncus, Venus multilamella. At the base of the 
second suhstage lie the lignitiferous beds of Mauer, near Vienna, and other places, 
containing Cerithimn lignitarum and Ostrea crassissinm. 

(1) First suhstage, presenting a number of lithological and paleontological 
types, which are believed to have been on the whole of contemporaneous origin. 
Among these the following may he mentioned : — 

Molt beds — with Cerithium margaritaceum, G. plicatum, Mytihis Ilaidingeri, &c. 

Sands of Loibersdorf [Pecten solariv/m, Oardium Ki}bechi„ Pectunculus Fichteli, 
Ostrea crassissima, 0. digitalina, Corhula gibha, MytUus Hwidingeri, &c. 

Tellina -sand with Tellina planata, Solen vagina, Phams legumen, Turritella 
cathedralis. 

Coarse sands of Eggenburg and sandy bryozoan limestone, with numerous valves 
of Pecten and Ostrea, also Bryozoa, Balani, &c. 

Schlier — a grey clay, sometimes laminated, sometimes plastic (Marl, Tegel) which 
has a wide extension in the Vienna basin, from the border of Bavaria eastwards 
to Wallachia. It is usually highly fossiliferous containing abundant foraminifera, 
sea-urchins [Brissopsis ottnangensis), pteropods, lamellibranchs [Pecten 
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ing elimination of southern forms. The proportion of northern species 
increases rapidly in the next succeeding or Pleistocene series. The Pliocene 
period, therefore, embraces the long interval between the warm temperate 



climate of the later ages of Miocene and the cold Pleistocene time. 
The evidence of change of climate derivable from the English Pliocene 
marine mollusca may be grouped as in the subjoined table, which shows 



the gradual extirpation of southern and advent of northern forms in the 
long interval between the deposition of the oldest and newest Pliocene 
deposits.^ 

^ F. W. Harmer, Q. J. (r. S. Ivi. (1900), p. 725 ; see also C, Beid, ‘Pliocene Deposits of 
Britain,’ p. 145. 
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Nqt known as 
living species. 

Per cent. 

Soutliern 

forms. 

Per cent. 

Nortliern 

forms. 

Per cent. 

Weybourn and Chillesford Crag 

11 

— 

33 

Fluvio-marine Crag 

11 

7 

32 

Red Crag of Butley 

13 * 

13 

23 

Red Crag of Newbourn . 

32 

16 

11 

Red Crag of Walton 

36 

20 

5 

Coralline Crag 

38 

26 

1 




c <1 

Pig. 483. —Pliocene Marino Shells. 

u, Rhynclionella (Hemithyris) psittacea ; h, Panopgea norvegica 0; c, Purpura lapillus (A) ; d, Neptimea 
(Chrysodomus, Trophon) aiitiqua (}). All these species still live in the seas around Britain. 


§ 2. Local Development. 

Britain.^— In the Pliocene period, after a long period of exposure as a land-surface, 

^ Prestwich, Q. J. O. S. xxvii. (1871). Lyell, ‘Antiquity of Man,’ chap. xii. (1863). 
Searles Wood, “Crag Mollusca,” Palivont. Soc. (1848-57), and Supplement by S. V. Wood, 
junr. and F. W. Harmer (1872). H. B. Woodward, “Geology of Norwich,” and W. 
Whitaker, “ Geology of Ispwich,” &c. both in Mein. (Jeol. Survey. The fullest account of 
the stratigraphy will be found in the monograph by C. Reid, already cited, on the ‘ Pliocene 
Deposits of Britain ’ [Mem. GeoL Survey), which contains a valuable bibliography. The 
subject has since been discussed in detail by Mr. Harmer (Q. J. G. S. liv. (1898), p. 308 ; 
Ivi. (1900), p. 705, also a general summary of his views, Proc. Qeol. Assoc, xvii. (1902) 
p. 416). In a new classification of the Pliocene deposits of the east of England, he considers 
that the upper limit of the older part of the series should be placed immediately above the 
Lenham beds, and that the Coralline Crag should be made the base of the Newer Pliocene 
series. He proposes a number of new names for the several members of the whole succession 
of deposits, derived from the localities where they are best developed, Q. J. (J. S. Ivi. 
p. 708. 
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during which a continuous and ultimately stupendous subaerial denudation was in pro- 
gress, Britain underwent a gentle, but apparently only local, subsidence. We have no- 
evidence of the extent of this depression. All that can be affirmed is that the south- 
eastern counties of England began to subside, and on the submerged surface some sand- 
banks and shelly deposits were laid down, very much as similar accumulations now take 
place on the bottom of the JSforth Sea. These formatioms, termed generally Crag,” are 
followed by estuarine and fresh-water strata, the whole being subdiAfided, according to the 
proportion of living species of shells, into the following groups in descending order : — 


Base of the 
Pleistocene. 


Newer 
Pliocene 
(cold tem- 
perate). 


Older 
Pliocene 
(warm tem- 
perate). 


j- Arctic Fresh- water Bed (with Salix Bdula nana, &c.). 

( Yohiia {Leda) rnyalis Bed, classed i^rovisionally as Pliocene, 

Forest-bert group j T/rrl 

(10 to 60 feet). [ ^“kr-water. I 

^ J Dewlisli. 

Weybouru Crag (and Chillesford Clay ?), 1 to 22 feet. 

Chillesford Crag (5 to 15 feet). 

Norwich Crag and Scrohicnlarla Crag (5 to 10 feet). It..- , , 

Re,iCragofButley,&c. 

Red Crag of Newbourn, Oakley, and Walton. J ^ ^ ‘ 

" 8t. Erth Beds. 

Coralline Crag (40 to 60 feet). 

Lenham Beds (Diestian). 

Box-stones and phosphate beds (with derivative early Pliocene 
fossils). 


Oldkr Pliocene. — The deposits of this age probably at one time extended over a large 
part of the south and south-east of England, hut they have been reduced by denudation 
to a few widely separated patches, the largest of which, around Oxford in Suffolk, does 
not cover more than about ten square miles. They consist chiefly of shelly sands 
known as the Coralline Crag of Suffolk, but a small outlier of fossiliferous sand occurs 
on the edge of the North Downs at Lenham, and other ironstone patches, probably of the 
same age, cap the Down as far as Folkestone. Far to the west, at St. Erth in Cornwall, 
an isolated deposit of older Pliocene age has been detected. These thin and scattered 
fragments convey no adequate conception of the length or importance of the geological 
period which they represent. As above remarked, it is not until we pass into the north 
of Italy and the basin of the Mediterranean that we discover the Pliocene period to be 
represented Ijy thick accumulations of upraised marine strata comparable in extent and 
thickness to some of the antecedent Tertiary series. 

' A strongly marked break, both stratigrapliical and paheontological, separates the 
Pliocene deposits of Britain from all older formations. They lie nn conform ably on 
everything older than themselves, and in their fossils show a great contrast even to 
those of the Oligocene series. The sub-troincal plants and animals of older Tertiary 
time are there replaced by others of more temperate types, though still i)oiiitmg to a 
climate rather warmer than that of southern England at the present time. 

A conglomeratic deposit (Nodule beds. Box-stones) forms the base of the Red Crag, and 
sometimes also underlies the Coralline Crag. It includes fragments of various rocks, 
such as flints, septaria, sandstones, quartz, (piartzite, granite, and other igneous 
materials, together with a miscellaneous assortment of derivative fossils, including 
Jurassic ammonites and hrachiopods, shai*ks’ teeth and other fossils from tlie London 
Clay, the teeth of many land mammals (pig, rhinoceros, mastodon, tapir, deer, 
hipparion^ &c.), and pieces of the rib-bones of whales. Many of these organic remains 
must have been derived from some older Pliocene deposit which has otherwise entirely 
disappeared. They have been to a large extent phosphatised, and hence have been 
extracted as a source of phosphate of lime. Among the contents of the deposit some of 
the most interesting and important are rounded pieces of brown sandstone, known as 
“ box-stones,” evidently derived from the denudation of a single horizon, and enclosing 
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casts of inarine shells. The general facies of the assemblage of shells obtained from 
thefee fragments points unmistakably to a lost formation, probably of older Pliocene 
timk At present 16 species have, been determiired, all of which are well-known British 
Pliocene forms, except two, which occur in Continental Pliocene deposits.^ 

Lenham Beds, Diestian. — On the edge of the Chalk Down of Kent near Lenliani, 
patches of sand cap tlie Chalk, and descend into pipes on its surface at a height of more 
than 600 feet above the sea, and, as above stated, other similar nests of ferruginous 
sands are met with along the downs as far as Folkestone. At first these deposits were 
thought to be portions of the base of the Tertiary series, but the occurrence of apparently 
Pliocene shells in them led to a more thorough investigation of them, with the result 
that they have been proved to be of the same age as similar deposits which cap the hills 
on the other side of the Straits of Dover from Boulogne into Belgian Flanders, whence 
they stretch northwards as a wide continuous sheet into Holland. These sands, known 
as Diestian, have yielded at Diest and Antwerp a large assemblage of fossils, which prove 
them to be of older Pliocene age. Of the Diestian fossils of Holland and Belgium so large 
ii proportion has been detectedin the Lenham deposits, general 1}^ in the form of hollow casts, 
as to leave no doubt of the geological horizon of these scattered fragments of a formation. 
About 67 species have been obtained from Lenham, the southern character of which is 
indicated by the genera Pyrnla, Xcnophora {Phorus), 
Lotorium {Triton), and Aviculci, with abundant examples 
of Area, dihevH, Gardium im-gillomm, and the polyzooii 
Cujmlaria canariensis. Some of the extinct species are 
found elsewhere in Miocene deposits and in the Italian 
Pliocene formations. The proportion of existing species is 
reckoned at 57 per cent ; 75 per cent of the whole fauna is 
found in Miocene, and 72 per cent in the Mediterranean 
Pliocene deposits. It- is interesting to notice the great 
change of level which this fragmentary formation serves to 
prove since older Pliocene time in the south of England. 
From the general character of the fauna found at Lenham 
it is probable that the shells lived in a depth of not less 
than 40 fathoms of water. This vertical amount, added 
to the present height of the deposit above the sea, gives a minimum of 860 feet of 
uplift.^ At the same time, we cannot but be struck with the evidence which is here 
presented of great denudation. There may have been a thick accumulation of Pliocene 
deposits over the south-east of England, but the whole has been swept away, leaving 
only such portions as escaped by being sheltered in hollows of the Chalk. 

St. Erth Beds. — The only other fragments yet known of older Pliocene formations 
in Britain lie far to the west between St. Ives and Mount’s Bay in Cornwall, where a 
patch of clay at St. Erth, 120 feet above the sea, and probably less than a quarter of a 
square mile in area, contained in a hollow of the slates, has preserved an interesting 
series of organic remains. Another outlier occurs on the opposite side of the same 
valley at the height of 150 feet. Among the forms which counect this deposit with 
corresponding strata elsewhere the following may be mentioned : Turlonilla plicatula, 
Colnmhellu sulcata, Trivia {Cypra&a) avcllana, Eulimene terehellata, Fi&surclla costaria, 
Lacuna sioboperia, Mclavipus pyramidalis, Fossa reticosa, Natica milleimnctata.^ Mngi- 
cula acuta, Trochus owduliferens, Turritella incrassata, Cardita acuUata, Gardium 
papillosum.^ The assemblage of fossils indicates a probable depth of water of 40 or 

— — — — — — . — — ^ 

^ C. Eeid, op. cit. p. 6 seq. F. W. Harmer, Q. J. G. S. liv. p. 313 ; Ray Lankester, op. 
cit. XX vi. 1870. It was possibly from the destruction of the strata overlying the Lenham 
beds that the Nodule or Box-stone materials were derived. 

^ F. W. Harmer, op. cit. p. 312. ^ q pp^ 42, 69. 

. ^ C. Reid, op. cit. pp. 59, 23^, Summary of Progress of Geol. Surv. for 1901, p. 31. 
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50 fathoms, and thus points to an elevati<^ of the land to the extent uf 
since Pliocene time. - ^ 
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Coi-alliue Crag (Bvyozoim, White, or Siiffolk Cragi) consists osscntiaiiv ■>: 


f eali.'a 


sands, coutaimng hardly any inorganic matter.hnt Mainly made Uj, ..fsh-Hs and hrvo/o* 
A*i f localities in the county of Suffolk, between Butler ('eel- and 

Ahlebnrg i. According to the census of Searles Wood, inihlished in l,sS->, tl.; numt-r 
of molliisks found in this deposit amounts to 420 simcies, of which dol or t» wi «ir 
are still living. Th. southern character of the fauna is still shown hv some of the genei* 
of shells, such as large and showy species of ^olufa {Aununv. /VnM 

(.^lCM^ct), Bmnites, Chama, Oardila, and Pholadomija, likewise Ori'l.,. ioforieoi 

(Tnton), rcrmctiiH, m-,ujicula, VeHkordia, Comlliopha.j.u an.l Character- 

istic species are Car*te corJis, C. sauUs. Lbmpsls pygmtea. AVii-nVo/a ln'icinai, rduta 
{Alorima) Lamherti (Fig. 486), Pyrula Tcticidata, Astarie OmaJil /Fit*' 4^ > Ph,lmhnvn 
histcnia, Pecten {^qmpecten) opercularis. Lingula LmnoHieri, and hr. hn,tnh, grandk. 
Hardly less abundant and varied are the bryozoa or “Corallines,” from whieli one of the 
names of the deposit is taken. No fewer than 118 si>eeies have lieen namea. of wliieli 76 
or about 64 per cent, appear to be extinct. Specially characteristic and |teeiiliar are the 
large massive forms known as Aheolaria and Theonoa {Fasciaihfriti (Fii^ 4S4\ There 
are three species of corals all extinct. Of the 16 sjieeies of eehinodwnis at |ireseiit 
known, only three are now living. . Remains of fishes are of eominon (Mxnirivme, 
especially in the form of gadoid otoliths. Teeth and dermal spines oi' tlie slMte ami 
wolf-lisli are met with, and to the.se shell-eating fish the broken condition of so iminy 
of the shells may probably be ascribed. Traces of one of the larger Jolphins li^ve 
been found, but no remains of any of the contemporaneous land-maniiuals, though a 
few drifted land-shells show that the land lay probably at no great distance. The 
Coralline Crag may be regarded as an elevated shell-bank, which accumulated on the 
floor of a warm sea at a depth of from 25 to 30 or 50 fathoms.- 

Newer Pliocene. — The British deposits of this age are, so far as we know, eoiifined 
to the comities of Norfolk and Suffolk. They are se|>arated by a considerable break 
from the older series, for they lie on an eroded surface of the latter, ami puss across it 
so as to rest upon the Eocene formations, and even on the Chalk. There is likewise a 
marked contrast between the fauna of the two series. The newer deposits sliow’ that 
the break must represent a long period of geological time, during wdiich a great change 
of climate took place in Europe, for the southern forms are now found to have generally 
disappeared, and to have been replaced by northern forms that, following the change 
of temperature, had migrated from the colder north. 

Red Crag. — Under this name is classed a series of local accumulations of dark-red 
or brown ferruginous shelly sand, which, though well marked otf from the Coralline 
Crag below, is less definitely separable from the Norwich Crag above. Judging from the 
variations in its fossil contents, geologists have inferred that sonje j»ortions of the dejxjsit 
are older than others, and that they successively overlap each other as they are followed 
northward. This view has recently been enforced in detail by Mr, Hariner, who believes 
that three if not four distinct stages may be recognised in the Red Cing, not following 
each other vertically but horizontally, the oldest lying farthest south and containing 

^ Mr. Harrner has proposed still another name, “ Cedgravian, ” from Gedgrave in Suffolk, 
where only this division of the Crag is present, Q. J. U, S, Ivi. p. 707. 

2 C. Reid, op. cit. p. 19 seq. Mr. Harrner compares the deposit with the conditions 
found to exist on the Turbot bank off the north-east coast of Ireland, where hy the strong 
sea-currents dead shells are heaped up in more sheltered parts at depths of 25 to 30 fathoms 
as a kind of “ recent Crag,” very similar in general character to the deposits of Suffolk and 
Norfolk. He thinks the sea in which the Coralline Crag was deposited lay less open to the 
north than the present North Sea, and w-as thus open to the southern molhisks from the 
Mediterranean basin. 
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the largest perceDtage of extinct and southern forms, while the. ])rop()rtioii of rtteciiit. ami 
northern siiells progressively increases northward among the later stages. These 
generalisations are embodied in the following subdivisions.’ At the l)ottoiu li(*s (^0 the 
Walton Crag, found only in Essex and distinguished by tlu^ inarktul sou them aspeet 
of its fauna, and especially the abundance of Ncptitnm {Chrymdomm) coninrrut. Al»oiit 
320 species of shells have been ol)tamcd from this deposit, of which the most char- 
acteristic are chiefly extinct or southern forms. They include. OiJiynvAt [TrivUt) 
mdlwm, Voluia [Aurinia) Lamherti, Kaam lahiosu, Idr-urotonm, /irUruIn, Tvrritdla 
incmsmki, Natica licwidmmt, Trochus {Gibhuht) dneroulm, (Janlita corbis and An/adu 
ohliqitafAL The northern or recent species, which hetiome more or less common in the 
later stages of the Red Crag, are absent or rare at Walton. (/>) Oakley Crag or xone 
of Mactra {Apisula) oUrunmta, found iidand from Walton, and recamtly shown by Mr. 
Harmcr to contain an abundant fauna (upwards of 350 species and varietit's) inter- 
mediate in age between the Walton and higher parts of tin* K(;d Crag. Whil(^ the.He 
fossils still show a niunber of Coralline Crag and southern forms, they incliule a distinct 
assemblage of northern sliells, such as Trophoii scalar if or mitt, T, barvicensis, T. SarHiU 
T. iskmdicus, Trochiis {Calliostoma.) formosus, iVatica clausa, idcaki yrouiUtiulieri, 
Mactra {Hpisuki) ohlruncata, Tcllina {Macoma) ohliqua, AstAirte co'mprcssa and Modlola, 
modiolus. {c) Newboiirn Crag or zone of Madru {Spisula) constricta. Tins zone, 
developed in Suffolk on the opposite or nortlioru side of the River Stour, is char- 
acterised by the scarcity of some of the extinct or southern forms found on the Essex 
side of the estuary, such as Golumhdla svicutn, Kassa rhujans, Natica calctioidcs, 
Trochus {Qibhula) Adansoiii, and NuciUa liv.vigata. On the oth(*r hand, it lumtaiiiH 
Cardmm angustatwn, Mactra {Splsiila) conslricta, M. {Apisuki) oralis, Tdlina [UacAmid) 
ohliqita, T. prmten%is (the Tdlmtr- being a distiuguishiiig feature), also Nucid((> Uohhitklim^ 
Purpura lapillns, Scala gnmdandica, Admdc, viridula, Modiola mwliolns, Askrrte 
compressa, &c. (d) The Butley Crag or zone of Ourdmm, gramiamUmm, lies still farther 
north, and is marked by a further diminution of southern and a corresponding increaHii 
of northern types. The species Tdlina {Macoma) ohliqua, T. {Mamnu) prtvicmtk, 
Mactra {Hpistila) comtrieta and (Jardium angustatmu together form a largo part of the 
deposit. The northern forms Tritonofmus altm, Jhiccinmu tfrcmlandicnui, Natica 
pallida {-grtcnlandica) and (Jardixiia gramlniidiciimlnivti^ btuiu observed by Mr. .Iliirmer 
to be more abundant here than in the older divisions. 

The inorganic constituents of the Rod Crag have been studied by Mr. J. Lonuis. The 
pebbles consist chiefly of flints, but partly also of (piartzite, saudHtone, ehent, and phos- 
phatic nodules. The sands have been found to bo made up mainly of ([iiartz-gniiiiH, but 
to include also, like so many clastic sediments, derivative crystals or grains of zircon, 
rutile, kyanite, andalusite, corundum, garnets, ilmenite, leiujoxene, tourmaline, biotite, 
muscovite, glauconite, microclhie, orthoclase, labradorite, and alhite.**’ It slionld Imi 
added that, besides the predominant marine fauna, a few land and fresh-water rnollusks 
have been met with in the Red Crag, imduding Pyramulula rgsa^ IMu* (l/ifgrmnia) 
hispidet, Liinnma palustris, Viviparua media, Planorbia viargmatm, Pupa mimcanim, 
Succinea putris, and Corbicida Jlumiyuilw.'^ 

ITorwich Crag (Fluvio-marine or Mammaliferous Crag, leenian of W. Harrner), 
extending over an area 40 miles long by 20 broad through the counticis of Huffoik and 
Norfolk, is marked by a fauna which differs more from that of the Red Crag 'as a 
whole than the faunas of the several divisions of the latter do from each other.** 


1 See Mr. Hariner’s paper, Q. J. (P H. Ivi. p. 705, from which this information is given, 
^ Q, J. (J. S. Jvi. (1900), p. 738. See ante, pp. 173, 179. 

3 For a full account of the land and fresh- water mollusks of England, see A. 8. Kennard 
and B. B. Woodward, Proc. Malacolog. Soc. iii. (1899), p. 187, iv. (1901), p. 183. 

^ Harraer, op. at. p. 721. 
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The extinct and southern shells are now reduced to a small number of species, which are 
of rare occurrence in the deposit, the numerous forms that had survived through the 
time of the Red Crag having been exterminated by the geographical changes and the 
increasing cold that accompanied them. On the other hand, a number of northern 
forms not found in the Red Crag now make their appearance, particularly Trophon ' 
Giinneri, T. {Biiccinof usus) lemici&nsis, Velutinco wulata, Eumargarita groinlandica^ 
Rhynchonella {Hemithyris) psittaceaf Numlana pernula, Astarte elliptica and A. 
horcalis. With the fall in temperature there would seem to have been likewise a 
decrease in the variety of the marine fauna, if we may judge from the fact that the 
Norwich Crag has not yielded more than some 150 species in all, many of which are 
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Fig. 485.— Pliocene Lamellibranchs. 

ft, Astarte borealis Cheinn. (living northern species) ; 5, Astarte Omalii, Laj. (extinct) ; r, Nucula 
Cobboldifft, Sow. (extinct) ; d, Congeria subglobo.sa, Partsch. (extinct) (§). 

excessively rare and most of the more abundant being common British forms. Of the 
most frequent shells three-fourths are recent and two-thirds are familiar denizens of the 
North Sea at the present day. Besides the predominant marine mollnsks, the deposit 
has yielded thirty species of land and fresh -water shells, of which only three are 
extinct. These shells, like those of the Red Crag, have doubtless been washed off the 
land and carried out to the adjacent shell -hanks on the sea floor. The name of 
^^Mammaliferous’’ was given to the deposit from the large number of hones, chiefly of 
extinct species of elephant, obtained from it. The mammalian remains comprise both 
land and marine forms. Of the former are Lutra Reevei, Gazclla anglica, Cemts 
carnutorum, Egious stenonis, Mastodon armrnmsis, Elepihas antiqnus, Microtm {Arvicola) 
intermMms, TrogontTurixmii Oumeri. The marine mammals include Trichechus 
Suxleyi and Delphinus delpMs. A few remains of sea-fishes have also been found, 
such as the cod and pollack. 
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The upper part of tlie Red Crag sometimes passes into a band, called from its pre- 
vailing mollnsk the “ Scrobicnlaria Crag.” This band, which is probably a continuation 
of the Norwich Crag of Norfolk, is seen at Chillesford, in Suffolk, to pass upward with- 
out a break into the Chillesford Crag.^ 

Chillesford Crag. — Under this name is grouped a local series of micaceous sands 
with an overlying estuarine clay, containing as characteristic fossils Turritelia communis, 
N'atica- catena, Yoldla ohlongoideSy Y. lanccolata, K'ucula Cohholdise, N. tenuis, Cardduni 
edulc, 0. groi'iilandicuin, Mactra {Spisula.) or, alls, Tellina {Mamma') calcarea { = lata), 
T. obliqua. My a iruncata. The last-named shell may be seen upright in the position in 
which it lived.- Northern forms are still more prominent liere, while a number of the 
common Red Crag forms have disappeared. 

Weybourn Crag. — At Chillesford the Chillesford Crag passes insensibly upwards 
into a fine micaceous loam or clay containing a few shells and fish-vertebrae. Among 
the shells of this deposit are Buccimim undaium, Purpura lapillus, Astarte comqmessa, 
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Fig. 480.-— Pliocene Ga.steropods. 

0 , Scala groenlandica, Chemn. ; 5, Voluta (Anrinia) Lamberti, Sow. (Ij) ; c, Neptuiica (ChryHO(loimi.s) 

anti(ivia, Liim. (^). 

Cyprina islandica, Lucina lorealis, Niicida Cohholdim, N. tenuis, Tellina {Macoma) 
ohliqua, Cardium grcenlaTulicum. Traced northwards the Chillesford Clay appears to 
pass into the deposit known as the ‘Weybourn Crag, which is a band of laminated green 
and bine clays with loamy sand full of marine shells, well seen along the Norfolk 
coast to the west of Cromer. This member of the series has yielded 53 species and 
marked varieties of marine shells {Tellina {Macoma) halthica, specially abundant, 
Saxicava arctica, Nucula Coljboldiae, Mya arenaria, M. truncata, Cyprina islandica, 
Astarte compressa, A. sulcata, A. borealis, Turritelia communis, Neptunea {Chrysodomus, 
Trophon) antiqua, Purpura lapillus, Bela {Pleurotoma) turricula, Littorina, littorea, 
Buccinum undatum, &c.), of which five, or 10*6 percent, are extinct, and nine species 
are Arctic forms. 

Forest-bed Group. ^ — One of the most familiar members of the English Pliocene 


^ C. Reid, op, cit. p. 100. For an account of the vertebrate fauna of these deposits see 
E. T. Newton’s monographs on ‘‘The Vertebrata of the Forest Bed Series of Norfolk and 
Suffolk” (1882) and “The Vertebrata of the Pliocene Deposits of Britain,” in Mem, ileol. 
Bwrr, 

^ Harmer, op. cit. p. 723, 

® On this group see^Lyell, Phil. May. 3rd ser. xvi. (1840), p. 245, and his ‘Antiquity 
of Man.’ Prestwick, Quart. Journ. Geol. Soc. xxvii. (1871), pp. 325, 452 ; Geologist, iv. (1861), 
p. 68. John Gunn. ‘Geology of Norfolk,’ 1864. C. Reid, Geol. Mag. (2) vol. iv. (1877), 
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series is that to which the name of the “ Cromer Forest-heel ” has been given. It occurs 
beneath the cliffs of boulder-clay on the Korfolk coast, and was formerly ])elieved to mark 
an old land-surface, with the stumps of trees in situ. More careful study, however, has 
shown that the stumps have all been transported to their present position, and lie not on 
an old soil, hut in an estuarine deposit, perhaps that of the Rhine, which then spread over 
the low land that now forms the shallow southern half of the North Sea. It is now agreed 
that the group of strata known as the Forest-bed series may he divided into three groups, 
an upper and lower fresh-water bed separated by an estuarine layer. The general 
character of the strata comprised in this member of the Pliocene series is shown in the 
subjoined table : — 

Yoldia {Leda) myedis Bed (p. 1288). 

Upper fresh-water Bed, consisting of sand mixed with blue clay (2-7 feet) and 
enclosing twigs and shells {Succinea pntris, SphfBrium {Gyclas) corneum, 
Valvata piscinalis, Bithmia tentaculata, Ptsidmm amnicum, &c.). 

Forest-bed (estuarine), composed of laminated clay and lignite, alternating 
gravels and sands with pebbles, cakes of peat, branches and stumps of trees, 
and mammalian bones, &c. (ranging up to more than 20 feet in thickness). 

Lower Fresh- water Bed, made up of carbonaceous, green, clayey silt full of 
^ seeds, with laminated lignite and loam. 

Weybourii Crag. 

The vegetation preserved in this group of strata embraces at least 56 species of flower- 
ing plants, two of which, the water chestnut and spruce fir, do not appear to have belbnged 
to the British flora since the Glacial period ; the others are nearly all still living in 
Norfolk. The royal fern (Osmundcc regalis) formed part of this pre-glacial vegetation. 
Tlie variety ’of forest-trees points to a mild and moi.st climate ; they include the maple, 
sloe, hawthorn, cornel, elm, birch, alder, hornbeam, hazel, oak, beech, willowy yew, pine, 
and spruce. The land and fresh-water shells number 58 species, whereof five appear to be 
extinct [Limax 'niodioliforviis, Nematura {Neymiturella) rimtoniana^ Viviparus glacialis-, 
V. media, Pisidium astarioides) and five no longer live in Britain (including Bithynella 
{Hydrohia) Steinii, Valvata Jiuviatilis, Corhicula jluminalis). The known marine shells in 
the Forest-bed series are so few in number (19 species) that they do not afford a satisfactory 
basis for comparison with other parts of the Pliocene formations. Some of them may 
have been washed out of the Wey bourn Crag below, and they are all common Weybonrn 
Crag fossils, including several extinct species {llclampus p>yramMalls, Tellmoj {Macoma) 
ohliqua, Nucula Oobholdise). They indicate that the climate of the time -when they lived 
was probably not greatly different from that of the present day. Fourteen species of fishes 
have been recognised {Platax Woodwardi, cod, and tunny among marine forms, also 
perch, pike, barbel, tench, and sturgeon among fluviatile kinds). The fauna also in- 
cludes two reptiles {Troqndonotus naxtris, Vipera herns), four amphibians (frogs and 
tritons), five birds (eagle-owl, cormorant, wild goose, wild duck, shoveller duck), and 
fifty-nine mammals. These last-named fossils give the Forest-bed its chief geological 
interest. They include a few marine forms — seals, whales, walrus, and a large and 
varied assemblage of terrestrial and river-haunting forms, such as carnivores — Machss- 
rodus, Canis lupus, C. vulpes, Eysena crocuta, Ursus spelmus, Mustela martes, Qulo 
luscus, Lutra vulgaris; ungulates — Bison honasus, Ovibos moschatus, Alces latifrons, 
Cervus elaphus (and nine other species), Eippqpotaonus amphibms, Sus scrofa, Equus 
cahallus, E. Stenonis, Rhinoceros etniscus, Elephas antiquus^ E. meridionalis ; rodents — 
Microtus {Arvicola) arvalis, Mus sylvaticus. Castor fiber, Trogontherium Guvieri ; in- 
sectivores — Talpa europsea, Sorex vulgaHs, S. pygmseus, Myogale moschata. The contrast 
between this strange collection of animals and the familiar aspect of the plants 


p. 300 ; vii. (1880), p. 548 ; “ Geology of the Country around Cromer,” in Mem.. (Jeol. Surv. 
1882 ; “ Pliocene Deposits of Britain,” in Mem. Geol. Sm'v. 1890 ; The Origin of the British 
Flora,’ 1899 ; and E. T. Newton’s monographs cited in a foregoing note. 
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aHsoiiiated with th(^nl was ajLjo rcMiiiirkcd hy Lyoll.* 'Plui ni(»Ht abuiRlsiiil and coii- 
HpiciiouH foniiH are tho SjK‘{;i(*s of cdaphaiit, while, the. hippopotaimis and rhiinxMiros 
arc of common occiirroncc. Of th(! two liorsra ono is (ixtinc.t, tln^ hisoii ami wild lumr 
have survived elsewlu'n*, while, the whole of the. umiarkahly iminerou.s speeieH of deer 
have disappeauMl, with the. sinj^le exeeption of the redah^er, which would <louhtleHH have 
likewise he.cRi exterminated lon^ a^^o had it not been pn)tc‘e.t(^d for purpo.ses of spend. 
Th(5 earnivon-H (nnhra(;ed also living and extinct forms, for the lon^uj-vanished maclnerodns 
haunt(‘(l the, same, re.^don with our st ill surviving fox, otter, and marten, ami with othcu’ 
uninnils which, like tin*, hyjena, wolf, and glutton, though no long<a* found in Britain, 
continue to liv<i els(Avhcn‘. The total species of laud nianimals (extdiisivf^ of hats) 
found ill the Konvsi-hed is 45, while the corresponding series of the living British fauna 
nunilx'rs only iiR speeies. Of th(^ MO large, land nianimals found in this deposit, only three 
are now living in Britain, or have died out there, within thee historic perioel, and only 
.six speeaes have surviveel in any part of the world." 

The* (h'oimn’ Kore^nt-hexl is sue'c.eHideel on the Norfolk coast hy some* sands and gravels 
of whii'h th(^ true position in the. sericfs of feirmations has not yet hemi dctinite'Iy fixe'd. 
Tlii'y iiKihide. two distinc.t memihers, though their preedse? relations tf> the^ (h’ltg below ami 
the glmdal mat(‘rials ahovee are still not satisfactorily sedtle.el. Tin*, lower haml is known 
as the Volih'fC {Leda) /ni/dliH bed, and the* up|KU' as the* Arctic fre*Mh«waler heu{. 'i’he* 
form<*r may he provisiemally phu^od with the*, rest of the Pliocene formatuuiH of Norfolk. 
The latter can hardly he se^parated from it, and would not he so separated hut for tln^ 
remai’kahle character’ ed‘ its few inetludesl fo.ssils. d'hese* inelioate; siudi a gre'iit imu’etaKe} 
of cold as to sliow that the conditions of tlie (Jlacial jierioel must now iiave sid in. 
Hemeie the*. Arctic fresh- \vate*r betel is edaHKeal with the, Plm'stocem^ series. 

Yeiltlia (Ijcda) myalis Be*d. 'riiis hand, nowhore? more than 20 feet in tliie’kne'SH, 
coiiMistM e»f ffilscvluslded leiainy sand, loam or (day, and a little graved, ami lies sonie* 
tirm^H on tlu5 Korestdieel, KoimOimcH on the Wey'hourn Brag. This umam formal lility 
may mark a eonsielerahlee interval of time*, during whiedi the floor of the estuary 
Hcems to have; Huljbiih'el, pe*rliapH as much as fifty feet. Among the^ scanty organismH 
eif tlm difposit, the following may he^ memtioned : Itutrinimi unflaiittn^ Littanint 
L. ruillH, /*urpum lapllluH^ Xrptunra iPlinimlmnvsy Trophoa } Jshnie 

(Jnrdium vtluhu (Ujpritui idand.ica^ Ytddui {L(’dn) Mytt, intnaiidif Myti/m 

rdiiJiftj (Mrfu edtdin, Trllhut {Mftmma) httlfhdrH. Some of the-se sh<*lls (the* 
ytddia^ ami Mya) aree fouml with the* valves unite*d in the^ position of life, 'riie 
Yoldm is an Aretie sjHeems not known in any of the umhulying formations. 

Arctic Fresli'W'ater Bed. ■ Keferemejo may he made! he^re to tlus depeesit, whitdi is 
M intimatidy linked with that last dese^rilHid. It con.sists of stiff bhie heam, e-hiy, iiml 
naTiei, »omotimt!S more than two feet thic.k, like tlio (hiiamitH of transient flemdH. Its 
plants Irndude a mimlHir «ie>f mossi^s, with the dwarf Arctic hireh ami wilhiw {/kinifi 
nmm and Halm B’ig. 490)— a vegetation wherein trees seem to have m ecimplef.ely 

'disapiwBanjcl m in the Arctic lamlH, It may indicate a lowetrhig of te‘ni}M‘rat«ro hy nlmiit 
20'" Fahr.— “a difrertmea as great as laitween the south of Knglaml and the North C/apo 

the present day, and sufhdent to allow the seas to he blocked with ice «It.iring the 
winter, and to allow gkiders to form in the hilly districts.”'^ Among the plants a few 
land-shells have hc{!n found, such as Htvceinm piUrin^ *S^ (d/hnya^ Ptqm, mtmmrurii, Uh 
gether with some wing-cases of heetles. 

V arious j>ebble-grav(ds occur in different parts of southern England, the true strath 
graphical position of which is still undetermined. They are generally niifossilifcrmw. 
Homo |nu*t« of them may he Fliorjene. In the south-west, at Dcwlish in Dorncd, a 

* ‘Antiquity of Man,’ 1st edit. (186M), p. 216. Hoc also (h Reid, * Pliocene De|»oftlti4 of 
Britain,’ p* 182. 

® 0. Reid, * Plkwene Deposits of Britain/ 

^ C. Reid, up. at. p. 198. 
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dej30sit of sand and gravel has yielded a number of elephant bones and teeth referred to 
Elephas meridionalis, and pointing to an Upper Pliocene age. 

Belgium and Holland. — The sea in which the English Pliocene deposits were laid 
down probably extended across Belgium, Holland, and the extreme north of Prance, 
but no trace of its presence has yet been found eastwards in Germany. In Belgium the 
base of the Pliocene is found to rest with a strong iinconformability on all older 
deposits, even on the Miocene sands (Bolderian and Anversian). The older Pliocene 
group consists chiefly of sand, and has been named Diestian from the locality where it 
is typically developed. At Antwerp, Utrecht, and other places it has yielded a large 
assemblage of fossils (190 species), all of which save 22 occur in the English Cor- 
alline Crag and Lenham beds. This horizon may be paralleled with the Plaisancian 
group of southern Prance and Italy. Above the Diestian sands comes the group known 
as Scald esian,^ which is likewise made up mainly of sands enclosing a fauna closely 
resembling that of the lower part of the English Red Crag (Walton Crag).^ After these 
marine sands were accumulated,' the Belgian area appears to have participated in the 
upward movement that affected the south-east of England ; at all events the overlying 
members of the English Crag are not found in that region. But farther north the 
terrestrial movement was in a contrary direction, the sea-bottom sank during Pliocene 
and Pleistocene time, until many hundreds of feet of sedimentary deposits were laid 
down over the site of Holland. This succession of events has been made clear by a 
series of deep borings in that country. At Utrecht the strata were pierced to a depth 
of 1198 feet without reaching the base of the Pliocene deposits. There appears to be a 
general inclination and a progressive thickening of the strata in a northerly direction, 
so that a horizon of land and fresh -water shells, which at Utrecht lies between 521 and 
542 feet below the surface, was formed farther north, at Amsterdam, at about 768 feet. 
According to Mr. Harmer, the greater part of these Dutch Pliocene deposits are newer 
than the Belgian Scaldesian stage. From the fossils obtained at the different borings 
he has advocated the recognition of another formation or group of Newer Pliocene 
strata lying upon, and passing down into the Scaldesian, but separable from that 
division by its smaller proportion (30 per cent) of extinct shells, its decrease in the 
number of southern forms (6*8 per cent) and its increase in northern species (13*7 per 
cent). For this formation, which is 202 feet thick at Utrecht and more than 450 feet 
at Amsterdam, he has proposed the name of Amstelian.” Its shells are among the 
most abundant and characteristic species of the upper horizons of the English Crag.^ 
Towards its upper limit, beneath the overlying Pleistocene accumulations, it contains 
land and fresh-water shells, which probably indicate that subsidence had been arrested, 
and that the sea over Holland, like that over East Anglia, gradually shallowed and 
gave place to the ancient estuary of the Rhine. None of the latest Pliocene subdivisions 
have been met with in Holland or in Belgium. In the latter country various deposits, 
of which the precise horizons have not been determined, have yielded a large number of 
bones of marine mammalia, including seals, dolphins, and numerous cetaceans, as well 
as remains of fishes {CarcJiarodon, Lamna, Oxyrhina, &c.). 

France. — In the north of this country, unfossiliferoiis sands which cap the hills 
between Boulogne and Calais at heights of 400 or 500 feet, and stretch eastwards into 
French Flanders, are believed to he continuations of the Lenham and Diestian group. 
In the north-west, many larger scattered patches of Pliocene deposits are widely 
distributed over Brittany and the adjacent districts. They include marine marls, clays, 

^ The upper part of this stage has been separated by M. Vincent as a slightly newer 
zone, named “ Poederlian.” 

^ ^ For a comparison of the faunas of the two formations see F. W. Harmer, Q. J. <J, S. 
Hi. (1896), p. 756. He finds that 90 species which are abundant in the Walton Crag, 
including 28 extinct, 19 southern and 2 northern, are also abundant in the Belgian beds. 

^ Op. cit. p. 763. 
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andsaiulH, with NasHa'priHnuU.iat^ N'. miUahi/j's, luiluta {Anrln la) Teirhnttvht 

grandis, and show a Hu])inorg(;nc«‘. of tin*, lower gnnuidH to the extent of more than 10^1 
Similar e.videneo of .siil)merg(3ri(!e uiuler the, I’lioeem^ siia in found along the hordern of 
the Golf(! (lu Lion and the Medilerramiaii coast farther caHt. The deposits then formed 
lie iineonformably on every scu-uis older than thernselves, and l)oar witness to aiiulme(|nent 
edovation of that region to an (‘xtent, in some places, of 1150 feet above the, present, sea- 
level. The marine, stnita (‘xtend up the valley of the lUione, nearly as far as Lyon>. 
and they mark tlie iiinil ({(^posits of the sea in that part of the mainland of Kiu'ope. 
'riiey (rai> tluj plateaux and rise towards the north and west, indicating a maxinmni of 
uplift in that diivodion. Their upper j)arts contain laciistrine! and tern^strial organisms, 
and similar evidence of h'uid is found on their hurders near what was prohahly the old 
shore-line. The marls of Hautcrivns (formerly rega-rded as Mioeene) are remarkahle for 
their beds of coarse conglomerate, which r(‘pr(tHeiit somt'! of tln^ toriimtial deposits swept 
down from the neighbouring hills. Thest) marls contain land and fresh-water shelN. 
Farthoroast, in thoAlpes Marilimes, th<‘. riioe.eiie series asKum(‘s a more <le.finitely marine 
cdiaracter. At the base li(!S a thick mass of blue clays, well seen at many phiees ahmg 
the coast of the Frencli Kiviera. These strata oon tain (Inbra r(rh/r(n\ IWtni cridatus^ 
Area (Anadam) dilnvU^ AVowo. HcmiHLriatiC^ (Jimun <mte(I ii iivi<in uiij TnrhriUulu uinpiilln^ 
&c. Above them lie some yedlow clays with similar fossils, hdlmvcsl by a liniestotmr 
with foraminifers, oysters, and (dlun* marine organisms, over whi(;h eom(« a thick eoii* 
glomerate marking the coaiw} alluvium of lornmts from tlu^ neighl»ouring hillH, At 
the top th(^ usual indie-atious of fresh-water dc-posits un^ seem. 

In the centre of the country the Plioeem^ formations are all of suhamaal, laruhtiiiif*, 
or fluviatile origin, and have pres(‘rv(*d an inten^stiiig and variisl ns’ord of tlie 
terrestrial plant and animal life of the time. In the voleajiie distriet.s tlicy are found 
boneath somo of the younger lavas, and hav(< thus been proteel(!d from tlie <lenU(lation 
which has so largcdy removtsl the coubmiporaneous records elsewhere. The lra<d»ytic: 
conglomerate of Ikirrier (Issoire) and the (jssiferous (h^posits of other loealities in 
Anvorgno have yiehhul an ahuiidaiit fauna, in which the apes arci absent, tiie antch^pes 
have dwindled in si^^e and mimlsir, the <l(*er have grown very abundant, true elephants 
for the Orst time appear, associated with a speeic^H of hippopotamus, nearly if not (juite 
identical with the living AfritMiu one, two kinds of hyama, ami tin?, liipparioii and 
nmehterodus that had survived from earlier times. This fauna iiidicatcH a d«*eided 
change of climate to a inorc^ tcmiperute character. Among tluj volcanic prodiieth of 
Haute Loire rentains oi’ MaAmhH^ arvernemtiH^ llh inort'roH Icjiitarhiiuis^ KqtniH .tAvo/ifoA 
and Mwhmtmitin pUmn iiMH have been colh?(d(td. 

Putting tog^dhar the evidmica <lcrivnbh^ from the suctMiHsion of mammalian remairiH 
in the se4ittercd blioeene fresh-wator and terrestrial deposits of France, palu'cmtologists 
have grouped ihesa acicurmiiatloas in the following order : * 

Upper (Aninsiau, Hicilian), Arranged in what appears to he the d(*s(ren<liiig order, 
the newest deposits belonging to this stage are those of Hainzelles (Pay), rather 
earlier than whi(di come the famous gravels of Perrier. Still (ddi-r are the upper 
parts of the tluviodaeu.striuc beds of Montpellier, the tipper itorlion of the 
volcanic group of Coupet, the. deposits of Vialette (near I.e Puy), the lluviatile 
clays and sands of Uhagny (Saone), and the Mastodon sands of Le Puy. 

In this stage ilipparivn disappears and is replaced by Ju/uhs 
lihinotr.ros ririwu/t succeeds H. /eplorhinifs. The iirohoscidea are reprcMeuted 
by tlu5 last of the Kuropcaii nmstislons. A/. arrrrnenmH and M, hwwmi. Klephuu 
'nieridiinialis, the great southern elephant and precursor of the mammoth, is 
found in tlic valley of tlic Hafine and ranges into Italy. It is in the Val d*Arno 
that the mammalian fauna of this stage is most typically displayed (p. 12lb*L. 

Middle (Astian). Mere come the grey, siliceous, lluvio-lucustrine samls of lion*^ 


^ See especially H. F. 0.shorn, A'/in. Nevy Yurk Acttd, Aci. xiii. (1900), p, 30, from 
which this summary is taken. 
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coiitailung a fauna like that of the Montpellier .leuoMi-; ., 1 ' 
which the lower portion, consisting of yellow «.ariuesanas(f.olet^l irph:.;.! 
m this stage Here also are grouped the fluviatile deposits of Perpi^nuui ihe 
caloareons tuff of Meximieux (with its almmiant flora p^senting resemilwe. to 
those of the Canary Islands and Mongolia), and the sands of Trevoux sl'.m " 

le^iorkuo,.. dt;:,”:,:: 

In this stage characteristic species not found af: Pikermi are the Rhinoceros 
and Mastodon ju«t named, together mth Tapims arrerneusis and 
'imuis. ^ Porms having affinities to some of those found in the Messinian or 
Pikermi deposits are Hipparion, Palieoryx and Hyitnardos, the Asiatic apes 
Dohchopithecus and Semnointhecns ; the African antelopes. Palm. nix vordien 
BPua P. hoodon. ^ 

Lo-wer. The terrestrial mammals of the Plaisancmn stage are best dispiayai in the 
lignites of Casino (Tuscany), where are found mpparirn, 

Antilope. Massmii^ Tainrns pTisc'iis, Seinyiopithems mims^ffessytlanm md etfctr 
lorms. I lie Pikermi deposits classed by some writers as Miocene are ly others 
placed at the bmse of the Pliocene series (Messinian) (p. 1294). With them any 
he classed the ossiferous breccias of Mont Ldberon and Cucuron (Taiiclii»k tin! 
the Eppelsheim gravels near Darmstadt. 

In this stage distinctive mammalian types are PUohyhimtes 
ITy^ri'x (Pikernii), /*^vo7iyraf.r(Sanios), llipjianon graede. AcentthertMmiM€i 3 iv 9 M 
of Eppelsheim succeeds*!, tetrad acty him ofSansan; Pkuuica'os BcUemrmmchtn 
may be a large successor of R. mnsaniensis ; R. (told/msi (Eppekhelm) a 
successor of R. hrachypus (Crive St. Alban), hinotherhim gigantemn wpkees 
D, havaric'im. The mammalia show a marked evolution beyond the Upper 
Miocene types. ^ 

Italy. — As the Pliocene series is traced eastwards into Italy its keustriM iatercak* 
tions disappear and it becomes mainly a marine formation, which is so amply tlev©lo|*©d 
■fchere that it might be taken as typical for the rest of Europe. Along both sides of tht 
chain of the Apennines it forms a range of low hills, and has been named from that 
circumstance the siTb-Apennine series.” In the Ligurian region, aceordlng to 
Mayer, it consists of tlie following groups in ascending order : 1, Messinian^ C^Zanelmn 
of Seguenza), composed, of (a) marls, conglomerates (the touential debris of the stTfiaiiis 
from the adjacent mountains), and molasse (65 feet), with CeritJdum pieium,. C. 
Tuhiginosum, Venus multilamella^ Pccten cHstahis^ Turritella communis,, T, suhanguhifm : 
(^) gypsiferous marls, limestones, dolomites (320 feet, Congeria group), traceable along 
the range of the Apennines as far as Girgenti in Sicily by its well-known gypsum and 
sulphur zone, and containing Turj'itclla suhangulato, Natica helkina^ Plmiroioma 
dimidiatcc, Congeria simplex, C. rostrifonnis, kc. ; (c) gravels and yellow nmrls, "witli 
beds of lignite (upwards of 300 feet). To the Messinian group belong the conglomerate^ 
tripoli deposits (with land plants, insects, fishes, &;c.) of Leghorn, and the lacustrine 
deposits with land-plants (palms, &c.) of Pavia and of Slnigaglia on the Adriatic. 2, 
Astiaii, composed, at the foot of the Ligurian Apennines, of two gTOU|% (a) blue marls 
with Pentalium sex:cc?igulare, Turritella communis, T. torneda, Murtx. tnmmius, X&tlea 
millepunctata, &c. ; (&) yellow sands ivith few’ fossils (300 feet and more).® More 

recently Professor Sacco has estimated the whole series in the central portion of the 
northern Apennines to have a thickness of nearly 1500 feet, which he grouj^ as in the 
subjoined table : ^ — 


1 See C. Deperet, Ann. Sci. CM. 1885 ; “Les Aiiiniaux Pliocenes dii Roussillon," Mem. 
Soc. Geol. France, 1890. 

2 This stage is by some authors placed at the top of the Miocene .series (Pontiaii 
stage). On the Italian Pliocene see the paper by C. De Stefaiii cited p. 1271. 

» C. Mayer, B. S. G. F. (3), v. 292. 

^ F. Sacco, ‘ II Bacino Terziario del Piemonte,’ Milan, 1889. See also De Steiaiii, 
Atti. Soc. Tosg. Sci. JVTzif. 1876-84. 
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Fluvio-laciistrine alluvial sands, marls, clays, and conglomerates, 
with shells indicating a warm, moist climate, Rhinoceros 
etrusciis. Mastodon cvrrernensis^ kc. 

Yellow sands and gravels, rich in littoral, marine or estuarine 
fossils. 

Marls and sandy clays with ahimdaiit marine fossils, from one- 
third to one-half of the shells belonging to living species. 

’8aiidy and clayey marls with seams of gypsum and limestone 
marking alternations of Vmackish-water and marine conditions. 

The shells include species of Dreissensia, Adacna, Cyrena, 
XeritiHlonta^ Melania, Melanopsis, Ilydrohia, &c. Some of 
the marls are full of leaves {Thuja, Rhmgmites, Myrica, 
Querciis, Castanea, Fagus, Ulmvs, Ficus, Liquidamhar, 
Laurus, Sassafras, Cinnamoiimni, Rhamnus, &c.). 

At Rome the younger Pliocene series is well seen, having at its base a blue 
p)teropod marl containing Pccten rimulosus, P. cristatas, Xassa scmistriata, Lentalium 
cUphantinmn, kc., succeeded by yellow sands (Astian of Monte Mario), with Pecten 
latissimus, P. ftabelliformis, P. jacohseas, Cardium rusticum, Anoonia ephippinm, 
Cyprina islandica. Pligher still come sands, gravels, and lacustrine clays, containing 
Elephas meridioncdis or antiquus, Rhinoceros oncgarhinus. Hippopotamus major, 
Fqims stenonis, Sus scrofct, Gervus claphus, Bos pTWiigenius, wolf, fox, brown bear, 
hytena, lion, lynx, wild cat, &c. An interesting feature of these deposits is presented 
by the' evidence of contemporaneous and increasingly vigorous volcanic action which 
they display. The blue clay at the base was probably laid down in a sea of some little 
depth, but it was followed by sandy and gravelly detritus and by layers of volcanic 
tuff, all of which were accumulated in shallower water still connected with the sea, as is 
shown by the occurrence of abundant shells of Pcctunciihis, &c. Among the clastic 
sediments volcanic minerals, particularly augite and leucite, are abundant, and the tuffs 
are full of lumps of dark pumice and lapilli. Subseq^uent brackish-water conditions 
are indicated by the enclosed shells, and in the ui)per parts of the series land and fresh- 
water species show that the sea-floor had now been raised into land. Thus, like 
Vesuvius, Etna, and Bolsena, the Latian volcanoes began with submarine eruptions, 
and gradually built up their structure on an upraised sea-floor of volcanic material.^ 

In Sicily a similar threefold grouping has been made by Seguenza, who has traced 
the same arrangement throughout a large part of the mainland. The lowest group, 
named by him Zanclean, consists of marls and light-coloured limestones. The 
Plaisancian follows in a group of blue clays or marls, while the succeeding Astian con- 
sists of yellow sands. Of these stages the first is characterised by a fauna of which 
nearly are peculiar species, and only 85 out of 504 species, or about 17 per cent, 
belong to living forms which are nearly all found in the Mediterranean. Some of the 
common species of the deposit are Terehrcdulina caput-serpentis, Rhynchonclla bipartita, 
Lentalium triquet'i'um, Pecten {Janira)flahelliformis, Zimopsis aurita, Nucalana dilatata, 
N. striata, Modiola phaseolina. Tropical genera are well represented among the shells of 
the Italian older Pliocene beds, while some of the still living Mediterranean genera occur 
there more abundantly, or in larger forms than on the present sea-bottom. The newer 
Pliocene deposits attain in Sicily a thickness of 2000 feet or more, rising to a height of 
nearly 4000 feet above the present sea-level, and covering nearly half of the island. To 
this series, though possibly it should be regarded as, at Jeast in part. Pleistocene, is 
assigned a yellowish limestone, sometimes remarkably massive and compact, and 700 or 
800 feet thick, yet full of living species of Mediterranean shells, some of which even 

^ The latest and fullest account of the geology of the Roman Campagna and of its 
abundant younger Pliocene fauna will be found in Professor A. Portis’ ‘ Contribuzioni alia 
Storia Fisica del Bacino di Roma,’ vol. i. (1893), vol. ii. (1896), Part vi. in BoU. Soc. Oeol. 
Ital. xix. (1900), Fasc. 1. The volcanic geology of the northern Apennines is discussed by 
C. De Stefani, Boll Soc. GeoL Ital x. (1891), pp. 449-565. 
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retain tlieir colour and a part of their animal matter -vs a 
dxrring the accumrrlation of the Pliocene strata that the lat'er voh-ani.. lu^tnrv of l.,;- 
began, the first stages being submarine eruptions, which xveie follower! bv' the', inn 
of the present sub-aenal cones npon the upraised Pliocene sea-bottom. ^ " ‘ 

the depositln orth;TtalL"p?LL'ri2^^^^ Vot 

^uthern types of shells gradually disappear frorn the' LZrLla«'\u“rrld 

markedly nortlxern haraeter such as species of Astarte, took their plar.;. The ta in 
Plxoeene deposits, while chiefly of marine origin, contain also amo„g%heir higher in n 
bers lacustrine or fluviatile strata, in which remains of the terrestrial flora and fxrna 
rave been preserved. In the upper part of the valley of the Amo an aeeunmlation of 
laonstrme beds attains a depth of 750 feet The older imrtiou consists of blue clws 
and lignites, with the abundant vegetation above referred to (p. 1:175). The ut.per -’00 
feet consist of sands and a conglomerate (“sansino”), and have yielded numerous 
I’etnains of mammals, lueludiug Jlacaais florcntiiins, Mastodon {Teljuhphodou- 
armrimiais, Elephas ineridionalis. Rhinoceros etrnscm, mpix>iH,tatatus aophiblnsvsouor . 
Mymxa (3 sp.), Fclis (3 sp.), Tlrm^ ctruscus, Maclmrodus (3 sp.), Eqxuts siemim, 
etruscus, Cervus (5 sp.), Bal^oryx, Pcds^oreas, Castor, Hifstrir, Lqms arvktBi ^ 
These strata are sometimes grouped as a higher zone of the Pliocene series under tlie 
name of Arnnsian.*'^ 

(Germany. The absence of marine Pliocene formations in Germany has l:>et‘n alreadr 
referred to. Among the lacustrine and fluviatile dei>osits of the"]>eriod. howeTtr. 
numerous remains of the terrestrial flora and fauna have ten preserved. One uf 
the most celebrated localities for the discovery of these remains lies in the Mainz lasin, 
where at Eppelsheim, near Worms, above the Miocene beds, described on p. 1‘26S, a group 
of sands and gravels with lignite (Knochensaud), from 20 to 30 feet thick, ha.s yielded a 
considerable number of mammalian bones. Among these the IHnotheruim ykjantemn 
occurs, showing the long survival of this animal in Central Euro|>e ; also* MaM.Oi). 
angustidens, llhinoceros incisivus, and other species, HippaHon gracUcy several s|>eeies 
of SxcSy five or more of Cervus, some of Felis, with Machsercrlus and Drtfopiiheem. 

Interesting collections of the terrestnal fauna of the i>eriod have ten preserve?!! in 
the calcareous tuffs of mineral springs in different parts of Gemiany. Besides numer- 
ous remains of land-plants, large numbers of land and fresh-water shells have Wen 
obtained from these deposits, whicli in some cases point to a colder climate than now 
exists. In tlie Eranconian Alb, for instance, the occurrence of alpine and northern 
European forms of land-shells {Patula solaria, Olausilia densestriatiiy C, jiIogmatK 
JEelix vicina, Pupa pagodula, IstUvida costulata) has been noted. Tlie mammals include 
many extinct as well as some still living forms {Elephas antiqmis, Bhiuoceras MerkH, 
Eus scrofa, Cervus elapJius, Capreolus caprea. Bos primigexiiiiSf Equus cabal his, Ursm 
spelseios, Meles mdgaris. Hyaena spelsea.).^ 

Vienna Basin. — In consecutive conformable order above the Miocene strata described 
on p. 1268, come the highest Tertiary beds of this area, referred to the Pliocene 
The lowest group) of strata is known, by the name of the “Congeria stage,” from the 
abundance of the molliiscan genus Gongeria^ (Fig. 485). Higher up comes the 


1 C. J. Forsyth Major, Q. J. O. E. xli. (1885), p. I. 

2 Mr. C. Reid suggests that the lignite deposits of the Val d’Arno (with Tapirm] may 
be much older than the rest of the lacustrine strata (vrith Mastodmi and Ekphm). A large 
proportion of the plants in them is extinct, and the tapir is the only animal whose remains 
are found in them. They may possibly be even Miocene. 

3 F. von Sandberger, ‘Land und Susswasser Conchylien der Vorwelt’ 1875, p. P36 : 
Sitzb, Bayer. Akad. xxiii. (1893) Heft 1 ; HeUmann, Pala^mtogmphiea, suppl. 

For an account of this genus and its relation to Breissmsia, consult P. Oppeuheim. 
Z, D. O. G, xliii. (1891), p, 923. 
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Belvedere-sciliotter or Thracian stage with, in some places, the lacustrine hcvuritiiu? 
stage. The leading characters of these groups are ex[)resse<l in tin* sulijnincd lnhic : ■ 

*2. Thracian Stage or Belvedere-Schotter — c;oars(*. lluviatilc. <’'»n:j|()iiicr:U.* (.r 
gravel and sand composed of quartz ainl otlier p(d»hl(‘s, yicliling Ionics ol large 
maninials, like tliose of E])pelslieini, Mifstadon- {Trlruloplnxlint) liuiifimKins^^ 
and JJhLonti’rluvi l)eing esi)ecially frequent, togiRher with Npecies of 

Anth ra.ctiUivriinii^ JJ ipparion^ ami Jihinorcrtis. M’lie yellow niicaccoiis satol, 
forming the lower member of the stage, contains in its more compact pm*lion.; 
abundant terrestrial leaves, siliei tied tree-trunks and shells (d' I'tilo. d'lie.e 
strata resemble part of the alluvia of a large river, d’heir name is tak.-n from 
the Belvedere in Vienna, where they are well develoi»ed. In some parts of the 
Vienna l)asin the Congeria stage is immediately ovcu’lain by Iresh watci- lime- 
stones with Helix and Planorhis^ which have Ixam called the Levantine 
stage. Tins lacustrine facies attains a niiich greatto* development in ( 'roati.a, 
Slavonia, and Honinania. 

1. Congeria Stage (1 nzers dorf Tegel)- -a tolerably pure clay reaebing a dept h 
of oft(ui more tlian dOO feet. This deposit, the yfmiigest 'I'ertiary layer that, is 
widely distributed over the Vienna ha.sin, jioints to continued and gcncj-al .sub- 
mergence. The faeies of its fossils, however, show’s that, the wafer no longer 
eomniunicated freely Avitli the open sea, hut, like tln^ corresj)onding strata in 
tlie Mediterranean region, seems rather l.o hav(‘ jjartak'en of a brack idi or 
Caspian character. Among the conspicaious mollnsks arc < ’tiiii/t’i'iti ^ 

(J. Parfseki, (J. iritauiuld ris^ (1. siKpIntldta ^ (\ C'.';/.*.c//, (Uirtltiim en ru n nf 1 n n tn , 

(}. (ipertuui, C. CO nj ((/I !/('.// s, U/iio d/itn/s, U. montrici/s, Mchtunpyos ium'll niuiut, 
itfiprcHstc, M. rindohonensiSf M. lioin'i. 'Ida* maninials iia’linh* Mttsttu/iui 
{Td ridophodon) hnujirost.ri^i^ M. {'rrilo/ilun/oii) it H'jttsfiilciis, Pitinfhi'i'iitni 
(jiijanfeoin^ AcertttJiefliini ini'isiri/ot, // /jf/xtr/o/i. ijntcih\ antelopr, j>ig, 
Maekneodutt, r.uUridnis, Icfithcriunt {Iljinun) iiippueiouuui, d'bc lh»ra in- 
cludes, among other plants, cbnif(U*s of the genera H! uphxif t'tlnt.i, ami 

Phiiis, also species of birch, abler, oak, beecli, cliestiint, hornlieam, liipiid- 
ambar, plane, willow, iiojdar, laurel, ciunumou, buckthorn, with the, Asiatic 
genus ./V/vo/dq the Australian jiroteaceous Ilalra (h'ig. ami the (‘Atincf 

taniarind-like Podotjoni unt. 

In otlier parts of the Austro-Hungarian empire intenssting iwideiicc exists of the 
gradual uprise of the sea-iloor during later Tertiary time and the i.sojation of eiet;iche<l 
areas of sea, so that the south-east of Kiirope must then have prcscntcil .some resem- 
blance to the great Aralo-Oa,s})ian (hqiression of the presmit time, 'flic i’<tiigmiaii .stage 
brings before us tlie picture of an isolated gidf gradually freslieiiiiig. Lkc ibe modern 
Caspian, by the in]) 0 uring of rivers ; hut on lioth sides of the ( '•■irpal Idan t.'tnge there 
Avere bays nearly cut olf from tlie main body of water, and e.xposeil to .so e<»piou;i an 
evaporation Avithout coiiutcrbalanc.ing iiillow that t.heir salt was licpo.itcd «»ver the 
bottom. Of the TTansylvanian localitie.s, on the .south sid(‘ of t he mounfaiii:-, the mo'd 
remarkable is Tarajd, Avhere a ina.s.s of rock-salt has iiccn aci>uniidat''d, having a 
maximum of 7550 feet in Icngtli, 557b* feet in breadth, and .abb feet in depth, and 
estimated to contain upwards of 10,595 millions of cubic feel. On the norlhcrit Bank 
of the Carpathian Mountains, near Cracow, lie the fainou.s and cxteir ive salt work.s of 
AVieliczka, with their massive beds of jmre and impure rock-salt, gypsum, and anhydrite, 
some of the strata being full of fos.sils characteristic of the upper zone.s td' fin* Vienna 
basin. 

The south-east of Europe, during latm* T(n*tiary time, was t,hc scene of ilnindan! 
volcanic action, and the outpourings of trachyte, rhyolite, hji.sall, and I nil’ were e.spceiallv 
abundant over the Ioav districts to the .south of the Carpathian ehain. 

Greece. — A remarkable series of mammalian remaiii.s brought to light, from certain 
hard red clays alternating Avith gravels at Tikermi, hetwc«m Atlum.s and MauUhon, was 
carefully Avorked out by M. (buulry.^ The deposit in which llic.se ivmaiiiH lie has .since 


^ ‘ Aiiimaux fossiles et Geologic de TAttique,’ Ito, 1802, with vidiiim* uf plaf.-s; /;. S. 
a. F. xiv. (1885-S6), p. 2S8. See also Both and Wagner, AhhuntU. /Utifrc, Abui, vii. 
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been ascertained to be widely distributed in Attica. Mr. Smith Woodward has 
recognised it in jSTorthern hdibrea, 60 miles to the north of Pikermi, containing there 
similar fo.ssils. Pie describes the red marl or clay as sometimes full of land and fresh- 
water shells, and the bones as lying in great confusion, whole specimens and splintered 
bones being huddled together on successive platforms. Since many of the bones, such 
as those ol the feet and limbs, are still in their natural positions, and were obviously 
held together by ligaments when they were buried, lie infers that the animals were 
hurried by torrential Hoods through thickets or tree-ol)structed w’ater-courses before 
being finally entombed, and that accompanying stones in rapid motion may have been 
partly instrumental in the fracturing of the bones. The fauna here di.sinterred includes 
a monkey {Mesopithccus) intermediate between the living ScDino'jHtJu'cus of Asia and the 
Macarpics. ihe carnivore.s ai‘e represented by Siuiocyon^ Mastcht, Rro'tiicpltitiSj Icti- 
genus allied to the modern civot—IIyaiiiictis, Eys&na, MachsuTochcs, and 
several species of I ells ; the rodents by Hystnx, allied to the common porcupine ; the 



riff. 4S7.— IL(*lladotlieriuni Duvernoyi, Oaudry 


edentates by the gigantic Annilotheriiim, ; the proboscideans hy Mastodon and Dino- 
tkcTinm; the pmissodactyle ungulates by JtJdnocr.ros (several species), Acc.ratlicrium, 
Leptudon^ Jlipjnormi ; the artiodactyle ungulates by a gigantic wild boar (*S'ns cry^nnn- 
thlas), Ca.m.id()p(trd(dls, of the same size as the living girafic, llellmlolheriiimi — a form 
Ixitwecri the giralle, and the antelopes, three spothes of true antelope, Fnlmotmgiis — an 
antclopc-like animal, Pahmryx, somewhat like the living African gemsbok, and Pa! azorr.as, 
allied to the African eland and the gazelles, (Jazdla — a true gazelle, and DrcuiotlicriiLm, 
])robably a hornle.ss ruminant like the living chevrotains. A few remains of birds have 
alsoljcen met with, including a Phasla/n.us, ndated to a jdieasant, a Gcdlus, smaller than 
our common domestic fowl, a Urus, clo.scly relabid to the living crane ; also bf)nes of a 
tortoise {Tcstud.o) [ind a saurian (Earanus). This fauna is remarkable for the extra- 
ordinary a])undaiice of its ruminants, the colossal size of many of the forms, such as the 
giraffe and dldladoUicrium, the singular rai-ity of the .smaller mammals, the marked 
African facies which runs through tlie wliole series, and the numher of transitional 

(1854). T. Phiclns, Denksdi. A had. Wien, .xxxviii. (1877) 2“ Abtheil, p. 1 ; Jhdl. Com. 
(Jeol. lUU. ix. (1878), p. 110. W. P\ Blanford, Address, (AuiL Hed. Prit. Assoc. 1884. W. 
Dames {Z. I). (}. C. xx.xvi. 1883, p. 9) has adde<l a species of Cerms and one of Mus to the 
ineviously known Pikermi forms. Further collections have recently heen made by Mr. A. 
Smitli Woodward for tlie British Museum {(jfea/. May. 1901, }). 431), hut without adding 
materially to the number of forms previously known, though rmicli new information has 
been obtained by him in regard to the species already described. 



1296 


STB A TIGBAPHICAL GEOLOG Y 


BOOK Yl FART IV 


types which it contains. Out of tlie 31 genera ol mammals which j\L Oaudry obtained, 
22 are extinct. The Pikermi beds have been classed as Upper Miocene, but the oceuirence 
of characteristic marine Pliocene species af shells below them {Pcden hc/ncdidus, 
BimidyhiS yxderupm, Ostrea lamcUom^ 0. undata) jiistities their being placed in a later 
stage of the Tertiary series. They are shoAvn by Fuchs to form paid of the Pliocene 
series of Attica, and lie in the highest part of that series. 

Samos.— In an irregular deposit of gravels, sandstones, and marls in tlie island of 
Samos, Dr. Forsyth JMajor has discovered a large a.ssemblage of vertebrate remains of 

an age similar to that of the Pikermi strata. 
Among the fossils oldained by him are many 
of the same species as are found at the Greek 
locality, such as Promcyhitis Larteti, Mustcla 
2 iald^attica, Lycyaina Chasrctls, Iviitlicrmm 
Tohustunij L hippariouum, AncyloUicrmM 
Pentclici, Maatodon Pantdici, PJiinoceros 
padcygnathus, Hijqmrion 7RC(lUGrTancuni, Bus 
crymmithius ; seven antelopes, Paiccorcas 
Lindcrmayeri, Gazdla brcvicornis, Palaumjx 
Pallasil, and two others. Besides tliese, 
there are some half-dozen antelopes of African 
types, and true edentates, Oryctn'opus Gaudryi, 
PaliBomanis Neas, a new genus of gigantic ruminants, Samothcriuvi, belonging to the 
family of the giraffes, and recalling the Hdladothcrium of Pikermi, and an ostrich 
{Btrutlilo Karatlicodoris). 

India. — Not less important than the massive Pliocene accumulations of the Mediter- 
ranean basin, are those which have been found in Sind, the Punjab, and other north- 



Fi}.;. 4SS. — Head of Macluerodus, the .sabre- 
toothed Tiger, reduced. 



Pig. 4S9. — Sivatheriurn gigantouin, Pale, reduced. 

A gigantic ungulate allied to the giraffes and antelopes, having two jjairs of horns ; Siwalik biuls 

of India. 


western tracts of India. In Sind, the noteworthy fact has been made out by the Indian 
Geological Survey that, from the Upper Cretaceous to the Pliocene ])eds, the wliole suc- 
cession of strata, with some local exception.s, is conformable and continuous ; yet contains 


Com.pt. rmd. 31st Dec. 1888 ; 1891, pp. 608, 708. 
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evidence of alternations of marine and terrestrial conditions, the latest marine inter- 
calations being of Miocene date. The upper division of tlie Manchhar group (p. 1272) 
is not improbably referable to the Pliocene period. It consists of clays, sandstones, and 
conglomerate, 5000 feet thick, which have ^nelded some indeterminable fragmentary 
bones. Similar strata cover a vast area in the Punjab. They are admirably exposed in 
the long range of hills termed the Sub-Himalayas, Avhich from tire Brahmaputra to the 
Jhelum, a distance of 1500 miles, flank the main chain, and consist chiefly of soft 
massive sandstone, disposed in two jiarallel lines of ridge, having a steep southerly face 
and a more gentle northerly slope, and separated by a broad flat valley. These strata 
comprise what has been termed the Siwalik group — an accnniulation of subaerial or 
fresh-water strata, the thickness of which has been estimated at 14,000 feet in the north- 
west Punjab, and at least 1500 feet in the Siwalik hills. Its component clays, sand- 
stones, and conglomerates have been deposited by great rivers, which appear to have 
flowed from the Himalayan chain by the same outlets as their modern representatives. 
These deposits vary according to their position relatively to the great rivers. They have 
been involved in the last colossal movements whereby the Himalayas have been iip- 
lieaved, yet tbeir structure shows that the same distribution of the water-courses lias 
been maintained as existed before the disturbance. In this instance, as in that of the 
Green River through the Uinta range in western America, the inference seems to be 
legitimate tliat the elevation of the mountains must have proceeded so slowly that the 
erosion hy the rivers kept i)ace with it, and the positions of the valleys were therefore 
not sensibly changed (see p. 1375). 

The Siwalik fauna includes a few mollusks, some, if not all, of which are identical 
with living species, such as the laud-snail Ihtlwuis insnlaris, a species Avliich at the 
present day ranges from Africa to Burma, and the two common Indian river-snails 
VivLparm heiujalcnsis and V. (lifimnilis, besides s})ecies of Melanut, Ampullar ia, and 
Unio. But the main part of the fauna consists of mammalia comprising 71 species that 
can 1)0 assigned to 39 living genera and 37 species belonging to 25 genera that are now 
extinct. The vcrtcl)rate part of this fauna, so far as known, is shown in the subjoined 
tabic, the existing genera being marked with an asterisk : ^ — 

Mammalia. — Primate.s. — Trurpodyles^'^'' 1 sp. ; SUnia^^ 1 ; t^cmnopitkecuH, 1 : 
Macacur* 1 ; CynoefphaJus* 2 . 

('ariiivora. — Mustela^* 1 ; Mallivorap 2; Mellu'orodaUj 1 ; Lntra* 3; 
Hyivnodon^ 1 : (/rsifsp 1 ; Jlyivnairtoa^ 3 ; Oanis* 2 ; Anipliu'i/om 1 ^ 
ITrc'/vr^,* 2 ; JfynnwA' A ; Ldpthymw., 1 ; llymnic.lls^ 1 ; ^Eluroysi^ 1 ; rEIurt>- 
(j(d(% 1 ; Edl.p''" 5 ; Macduirodns^ 2. 

Proboscidea. — (j [EuelrplutnA 1; Loxodon* 1; Sti'yodon, 4); 

Mitsfddon, 5 ; 2)lmddierlii m., 1. 

Ungulata. — (JJuddcoLheriuin, 1 ; lUiinoccros* 3 ; .Equius* 1 ; IlljqmriitJi, 2 ; 
Jlippopolavi i/.sA 1 ; Td/ntco'nodon, 1 ; Amp 5 ; U ippt>hyu.% 2 ; Sattiilieruijii, 1 ; 
Meryaijmfanrus, 3 ; Crrrmp 3 ; lJ(rrcatki’,riuin^ 2 ; Truyidusp 1 ; Md.sch usp 1 ; 
PahMdiiu'.ryx^ 1 ; (J(iind<q>arAidi'<p 1 ; Jldladotheriniu^ 1 ; JlydasplUieriunt^ 2 ; 
Siralluiritrui, 1 ; Alcdaphtiap 1 ; (dtzeUap 1 ; (Johiisp 2; A'iitilo/jep 1 ; 
Hlppotnujm^ 1 ; G/vy/.s* ('!), 1 ; Abrpsuxnis'^ (?), 1 ; Jinsdaphus, 1 ; FaUi'oryx 
( 9, 1 ; Jd'ohn.b(do-^P 2 ; Le.ptobas, 1 ; Jlimnp 1 ; J>(k% 3 ; JUimpra., 1 ; 
Ouprap 2 ; Orisp 1 ; (Jurnclmp 2. 

Rodeutia. — Nr.sokh/p 1 ; lihizomysp 1 ; Ilyatrixp 1 ; Lepmsp 1. 

Avns. — Pbalacrocoraxp 1 ; Leptojddufip 1 ; Pdecan-mp 2 ; Meryiisp 1 ; 
SlruUdop 1. 

Rkitilia. — (J rocodilia . — (JrocodUusp 1 ; ({ar/iaUsp 3 ; lihampjhosudLus, 1. 

Lacertilia. — Varanirsp 1. 

(Jheloiiia. — (Jtddssnchdys, 1 ; Jklliap 2 ; Damoniap 1 ; Ktickuyap 3 ; 
Hardellup 1 ; Emyd.ap 4 ; Trionyxp 1 ; (Jhltra, 1. 

^ Falconer and Cautlcy, ‘Fauna Antiqua Sivalensis,’ 1845-49. ‘Geology of India,’ 
p. 360. Blaiiford, Jirlt. ^\hsqc, 1880, j). 577 ; Address, GeoL Sect. LriL Assoc. 1SS4. 
Lydekkcr, ‘ Paheontologia Iiidica,’ scr. x. voLs. i. ii. iii. ; Records (Pol. Sure. Jndla, 1883, 
p. 81 ; ‘Cat. Sewalik Vert. Irid. Mu.s.’ 1885-86, and Catalogues of British Mu.seum. 
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PiSGKS. — (JarrharinsA 1 : < >/>li inrrjtl^n/ifsA 1 ; 1 ; }l^ l< n ,i>'h 1 • 

(JlirnsirhUiifs^ I ; M((rr<infsA 1 ^ Hih',' 1 ; . I /■///.;, ■ ! ; /ii/iitf n i'.;,' I, 

In this list; tlirm is (Mnisi(lcr;i)>lc n-s<*nil)I;iiicc lo the ^li.rniipin;.;; (tf m.nuin.ih i 
the Pikoniii deposits, parti(‘iil;irly in tin- pn-pdijilcnincc (d* laryc .'iiiiinal.s, tlo' ah . m 
rarity of tlie smaller foriiis (rodents, hats, inseci ivore;-. , am I the inorlnai Mioernr a peel 
of certain parts of tlu' fanna. OI‘ lln*. totnl asscnildayie o{‘ \eri( hrali‘., f<tntid at Pih« ! i 2 .: 
eighteen genera, oi- considerably more Ilian lialf, have hi-en aho oi.iaiiied ?h« 

Siwalik series, iiielnding tlie ju'cnliar and (diaiaeteia'stie I IflUnlnf io ri t' m . Mr. lilatslMiG 

and. his e.olleagues of the (leological Survey nl‘ India, havi* .shoun that, though i? i;a 
be(‘.n classed as Mioiteiie, the Siwalik faniia has siieh ndaliom, (o Pliorriie .md ' * 
foi'ins a,s are found in no true Mioiauie fauna.’ The large pioportiou of e>. ist ing roaoio, 
is tln^ most striking fea.ture (»f the assemldage. 'The jirejininhuaiiee of .’ Jh u < 

helonging to such familiar genera as .l/fovov/,';, / '/•.■.//•;. A'Ay//o/‘;. Age/e,. //gg;, e 
7/os, Jli/s/ri,i\ Jll/'llirirnr, A/c/rs, (A/mt, < 'h nirf and lAi i.u/ii ir: give !h«* v. iede 

assemhlagc a singulaily modern aspect. It shonld h<- added that, tif the :-ix >>r o\e: 
deteriniiiahle reptiles, three are now living in northern India ; that td’ tin- hird.-, ; 

probably identical with the living ostriidi. and that, all the kimwn land and f'resii v. ate i 
shells, with one possible e.veeption, ar’e id' existing .species. •' 

North America. — d'he e.xist.enee <d’ marii'ie dcpodls lefer.ihie to the Pliocciir i.rj!' ! 
lias now been tiscertained both on the Atlantic and Taeitii! borders of the rniled State , 
On the eastern side of the country they stret<di from the <iu!f of Mexico tliroiigii tS.*- 
Carolinas, ami in scattered patclies as far as \’irginia. 'fhey an- he.^t seen in Phuids, 
which a.pjiears to have been still under wa, ter during IMioej-ne time, lb nee thev lii'c 
been idassed as tin? Kloridian series, in which have been lecfigni. ed o a loner ; ioup 
((.laloosiihattdde, \\hi,eea.ina,W/, a.nd i/r an u[>per groin., varioii-ly t-niiu'd l>e .S<om uci 
Croatian. Higher still (tomes the Lafayette group, ineiuding the Laoivnigc f.*.i . 
Orange sa-ml, S:<‘. Among tlie pr(;valent specie;. (d‘ the Pioridian >’iic, .-n** » 

'Uif.rulloJuUi.^t, I*li(‘(Uii/ii irrtiiHa nr,^ //. //<. .?/, u ttrulitu , 

r, ‘pixtinuf ((>H, f/Htf>rsii, /'( //a.; rrhi-u J»f, f > , , 

0/ir((, lUcraJit, Aa/.v.sve (tlnuilrf.u, X. (irufit, ('n jihhiltt . In ttje V\’aet-;i rn a w »-• 

ohhir part of the series the. proporti<»ii of living speeien i . about 7n per cent, wLd* ru 
tli(i younger or (Jroatau bedsthe proporti(»n iNJuorelb.ui per cut. On (be P .■ if 

coast, owing to the greater amount of uplift in tlu* later part of tlm Tediorv j^ s iodPa 

more am[dc (Icvfdopimuit of Plioeeue deposits lia’. been (-xpo eii, npv.aid. (d’ j 

of strata of this age bidng visible in the San Fr.ineio*o penin ula. 'flu . eno? ncui * 
thickiiCHS of sediment, unparalhdetl, so far as km.uii, aimupg : tiat t «d fio a.*c 
(dsewhore in the New World, is visible on the sea-elitf ' < h r? high v.br .x 
e.xteiids fora few miles .south <d' Lake Meree*!. 'fhe lotd;, . which have ?lcic 

been tilted ge.ne.rally at high angles in a momadinai fold, eon i f < hn lly op 

gr(‘.y sandstones and sandy shales, with Inspient hat'd ilndl led. ami ,M;uir of 
pebbly conglomerate. Tlie.se sj^limeiils wen; probably accumnlat cd f.. : (» execn? i-.n.d 
an extent as a kind of local or (hdla msaunnlal ion. At tln ir la ubi* i« g , 
uneonformably on jMesozoie rocks, lie,', a band of earboni-.»d vggctafjMU, with » «.i.i 

^ Some doulit rests on the horizon;. Irom w}ii»di many «d i hi- de ■ nbrd Siwalik p . ; • . 

were, obtained. If the e.xaet jxt.sition.s were a e.-rtained, it would piadably be Imimi ‘rsit 
there is less eommiiigliiig of Miocene and Plioei-ne ‘type than api «';u Pmui the I; * . . s. I 
that the older types have really, to a greater or extent, been deti\(d Itom earlier j .>P » 
of the formation than the yeninger type.-. 

“ Blanford, Hrif. J.v.sv.r. l.ssp, p. .',7.s, jii„l j -.s p Addre, . 

'* W. H. Dali. Tmns. Wtuftirr ///../, I’liihulrlphin^ iii. Part jj, p, 

Pliociuie lossils ai’c reportial to havi* liiam loiiml in indurated material at heii'bf 4 
2500 feet in the Monte Diablo rang*, and at .5000 t.-et near Mount St. KliaPA’e//. r t, .s 
No. 84, p. 271). 
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Pinus insiijuis, wliich is now found growing only at Monterey. Higher up, marine 
shells are abundant, a large proportion belonging to still living species, such as Chionc 
succinta, Area schizotoiiia, Miftilus edulis^ Vencricardia ventricosa, Solcn sicarvus, 
Siliqiia patula, Nassa fossata, N. onciulica. Purpura crispata^ Macoma. nasuta, M. 
edulis. A stratum full of tree-trunks lies about the middle of the series, but marine 
shells are found above it.^ farther south on the coast, at San Pedro, near Los Angeles, 
an important display of Pliocene strata, graduating upward into the Pleistocene 
series, has been recently studied by Messrs. Arnold. The Pliocene portion of the 
section appears to vary from 50 to ISO feet in thickness. It consists of brown 
argillaceous sandstones, containing Thijasira {Cryptodon) hiseda, Pecten caiLrinus, P. 
hcricmis, P. expanms, Lueina acutilineata, Panoiuya auipla, Natica dausa^ several 
species of Trophon and northern PleurotomidcB — the whole fauna containing 12 per cent 
of extinct species, and presenting a general resemblance to that wliich is liviiig now at 
a depth of 20 to 50 fatlioms off the coast at San Pedro.- Marine Pliocene deposits 
appear to be but poorly rejiresented north of California, until we reach Alaska, where 
their presence has been recognised.'* 

In the interior of the continent no corresponding marine formations are found, but 
the series of siibaerial, lacustrine, and fluviatile deposits of the previous Tertiary periods 
is continued. Two horizons have been recognised among these deposits which are 
referred to the Pliocene period. What is regarded as the older group (Palo Duro or 
Goodnight beds) is found in Texas, lying unconformabl}’- on a part of the Loup Fork 
series (p. 1273). It contains a fauna which, except for the presence of Eqmis, corresponds 
with that of the later Loup Fork beds, which, as already stated, may perhaps be 
Pliocene. Among the scanty remains are those of a rhinoceros {Aphdops) and a 
number of horses {Protohlpjnts, Plioliippus, E(pm$). Of later date are the lacustrine 
clays and sands (150 to 200 feet thick) of western Texas and part of Oklahama, known 
as the Blanco stage. These have yielded the carnivores Canirnartes, Borop)hagus, and 
Felis ; the 'edentate Mcgaloiiy.e ; the proboscidians and Tetrahdodon ; three 

species of Equus ; and the camel PliaudieniaA 

Australia. — In New South Wales, during what are supposed to correspond with 
the later Miocene, Pliocene, and Pleistocene periods, the land appears to have been 
gradually rising and to have been exposed to prolonged denudation and, in the Middle 
Pliocene period, to great volcanic activity. Hence successive fluviatile terraces were 
formed and eroded in the valleys, and were in many cases buried under great streams 
of lava. It is in these buried river-beds that the ‘‘deep-leads” lie, from wdiich such large 
quantities of gold have been obtained. They have preserved with wonderful perfection 
remains of the flora and fauna of the period. Among the plants are large trunks, 
branches, and fruits of trees, and also ferns. With these are associated fresh-water shells, 
traces of beetles, and bones of a number of extinct marsupials, some of which were 
distinguished by their great size. One of the most abundant and remarkable of these 
creatures was the IJiprotodon, which attained the bulk of a rhinoceros or hippopotamus. 
Another is the Nototherinm, probably somewhat like a large tapir, of whicli three 
species have been named. An extinct gigantic kangaroo {Macroqnts Titan) had a skull 
twice as long as that of the largest living specie.s. There were also wombats (Phascolomys), 
and a marsupial lion {Thylacolco), with the marsupial hyiena {lliylacinus), ami S area- 


^ A. C. Lawson, “The Post- Pliocene Diastropliisni of the Coast of Southern California,’ 
Bull. (/eol. Univ. Qali/ornia, i. No. 4 (1893), p. 142. Other writers regard the upper part 
of the Merced series as x^rohably Pleistocene (G. H. A.shley, Proc. Calif or Ji. Acad. Set. v. 
(1895), p. 312). 

B. and K. Arnold, Journ. <icoL x. (1902), p. 117. 

W. H. Dali and G. D. Harris, Bull. U.S. C. S. No. 84 (1892), p. 232 and map. 

^ W. D. Matthew, Bull. Amer. Mus. Nat. Ilid. xii. (1899), p. 75. 
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iMHs or “ devil,” wliicli .still live in ^rasniania. 'i'o { liesr may he .-uhh'd the Uromornis 
- — a large bird represented now by the einii.* 

In Victoria a younger Tertiary .series overlies tlie ol.ler voleanie rocks ref.-rred to on 
]). 1274, and is likewise associiated with new<‘r voleanie ejeeiions. It. iiieliidcs both 
marine and fhiviatile depo.sit.s. d'hf; marine group, with sp»;ci.',s of Tn\ji„n,f^ 
Cerithum, WcddhdnUu, kv.., is found Uj) fo heights of ImiO feet, al.ove .scadcvel. The 
flaviatile deposits, besides auriferous gravels, inelude .also ImmIs of lignilr with ahuiulant 
remains of terrestrial vegetation, and have yi^dded remains 

Thylacoleo, Mcicruj^iis, Procupfodun, Pusiiurtis, Ilyji^tl/u'imnifs, (',////.•> hu Vast 

sheets of basaltic and doh;ritic lavas liave. ..versprea.l flu- plains and Idled up the 
Pliocene river-beds.- 

In Queensland the jireseiietj of 'lertiary rocks is inferred rather th.iii proved, lint 
from the similarity of the volceinie. r<Md<s of that eohuiy t.» thos.* of Mdoria and New 
•South Wales, it is believed that tin; older and newer V(d''ard<'. group, which have bmi 
•established arcj likewise of l\u-ti:u*y age." 

New Zealand. -"De.posits referable in the Pli<H*eiii- divi;,ioij of the. gc(do; 4 i,;al 
play an irn})ortant part iu the. ge»dogy ami industrial devi-iupmcnt of X,:w .Zeahuid. 
According to Sir J. Hector, they belong tu .a time wh.-n the ham! was much more 
•extensive than it now is, and when in the .\orth I.daml volcanic .a**tiou icardicd its 
greatest activity. They constitute the Wan.gam'd ;y>|.-iij of (‘.aptaiu Hutton. Kumi 
70 to 90 ])er cent of their mollusca are f»r .still living .sp*-eios. In .addition io tliis lar^e 

percentage, the formation may be. recognised by f Plcti.rutiuint irii.,h 

■gr.midends, Trachtts conimts, Ih’itlidliini Mcrttri.r iixiiinifiH, Odmi. 

Trochonjathns (/ifAnarius, Jd/t.hd/um nujuloni ni. In tlje South hslaud the Pliocene 

•strata are to a large, (rvieiit imfo.ssiliferou.. gravr] , mu-Ii a. those of the (‘anterhnry 
Plain.s and the JVIouteri Hills, in Xhdson, whi»-h wnc derived Irouj the iuountaiufni.s 
interior. That considerahie. terrestrial disturh.am'o fo.d. jdaco duiing and suhscijuent 
to the deposit of tins Idiomme series i.s .shown )•>* the (H.sturhod and e]rv.a.t<'d position, s 
-of the hells iu .some plae.es. Here and there the fu.uine stiata h.ave lo-en rab'd to a 
height of 300 feet (near .Xapii-r to more tliaii 2nho jr*-} ahnv*- the sea without di.s- 
turbance of their horizontal position; hut el -.»-w hi-j-i- they h.ive he. -u cuiu{»lctclv over- 
turned. The economic, importance of the. c «ie}Mi it.s mi ,e . nciiid v Jrom their viddiije 
the riclie.st sn})plies of alluvial goM.‘* 

Pakt \\ PosT-'I’KinT.VKy (»u <^i! atp.hn \j:v. 

This portion of tho (ilc.olo^gieul iHuuual iimiuHr's tho variouH .superficial 
deposits in which nearly all the mnllusea are. of idjll liviukC Hpecie.s. It is 
usually subdivided into two Kerie.s : fl) an older group of depfrdt.s in 
which many of the mannnals arc of extinct sperie.s, to this group the 
names Pleistocene, Po.sl-Plioctuug and Piluvial h.'ive hren given; and (2) 
i\ later series, whendn the nianiinal.s are all, nr nearly all, (»f .still living 
species, to which the nani(\s Ihu-eiit, Aflnviai, a.nd Hiiimui have been 
assigned. Ihesc subdivisions, how(*\4‘r, are etude -siMllv verv artificial, 
•and it is often exceedingly difficult to draw any lint* betweeri ifiern. The 
names assigned to them also ant md. free fnuu t»bjt*eti(Ui. The. tjpithet 

^ C. B. WilkiiLson, ‘Notes ou (U'fdMgy <,r \,.w \V .>Tdurv. 

- .R. A. F. Murray, ‘(icoh^gy of Vh'ti.ria,' p. 11 a,. 

Tliese volcanic accumulations are fslru m- and nf -rvat uiU-ir.f. Thf.y have Im 
de.scribed by Mr. R. L. Jack in the '■Heology and Palt oidMlu-'y *4 Qta-cn chap, otv, 

^ Hector, ‘Hamlhook of New Zealand,’ p. U»I ; IHufMi}, (y. ./. tf/. ,V. I p. 211. 
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human,” for example, is not strictly applicable only to the later series 
of deposits, for it is quite certain that man coexisted with the fauna of 
the Pleistocene series. 

In Europe and North America a tolerably sharp demarcation can 
usually he made between the Pliocene formations and those now to be 
described. The Crag deposits of the south-east of England, as we have 
seen, show traces of a gradual lowering of the temperature during later 
Pliocene times, and the same fact is indicated by the Pliocene fauna and 
flora on the Continent even in the Mediterranean basin. This change 
of climate continued until at last thoroughly Arctic conditions prevailed, 
under which the oldest of the Post-Tertiary or Pleistocene deposits were 
accumulated in northern and central Europe, and in Canada and the 
northern part of the United States. 

It is hardly possible to arrange the Post-Tertiary accumulations in a 
strict chronological order, because we have no means of deciding, in 
many cases, their relative antiquity, seeing that as a rule they occur in 
scattered areas, and not clearly superposed on each other. The order in 
which they are classified has often been determined by theoretical con- 
siderations, which are always subject to revision. In the glaciated regions 
of the northern hemisphere the various glacial deposits are grouped as 
the older division of the series under the name of Pleistocene. Above 
them lie younger accumulations, such as river-alluvia, peat-mosses, lake- 
bottoms, cave-deposits, blown-sand, raised lacustrine and marine terraces, 
which, merging insensibly into those of the present day, are termed 
Pecent or Prehistoric. 

Section i. Pleistocene or Glacial. 

§ 1. General Characters. 

Under the name of the Glacial Period or Ice Age, a remarkable 
geological episode in the history of the northern hemisphere is denoted.^ 

^ No section of geoloj^ncnl liistory now possesses a more voluminous literature than the 
Glacial Period, especifilly in J3ritain and Nortli America. For general information the 
student may refer to Lyell’s ‘ Aiiti{iiuty of Man.’ J. Geikie’s ‘ Great Ice Age,’ ‘ Prehistoric 
Europe,’ Address to Geological Section of British Association, 1889, and paper in Trans. Roij. 
Sac. Edin. xxxvii. Parti. (1893), ]). 127. J. Croll’s ‘Climate and Time,’ ‘ Discussions on 
Climate and Cosmology.’ Professor Boiiiiey’s ‘ Ice-Work, Past and Present,’ p. 1S9. A. Penck, 

‘ Vergletscliening der Deutscheii Alpen,’ 1882. A. Penck, K. Briickner, and L. dn Pasqnier, 
Le Systeme Glaciaire dcs Alpes,” Jlull. Sor. Rci. NaL, Neueliatel, xxii. 1894. A. Penck 
and E. Briickner, ‘Die Alpen im Eiszeitalter,’ 1901, 1902 seq. J. Partsch, ‘Die Gletscher 
der Vorzeit in den Karpathen, &c.,’ 1882. A. Favre, ‘Carte des Aiicieiis Glaciers de la 
Suisse, &c.,’ Geneva, 1884. A. Baltzer, ‘Der diliiviale Aargletsclier,’ Berne, 1896. A. 
Falsan and E. Chantre, ‘Anciens Glaciers, &c., de la partie moyenne du Bassiii dii Rhone,’ 
1879, and for detailed descriptions, to the Quart. Jirurn. (teol. Roc. L (tcoL Mag.; Zcitsch. 
Devlsch. (Sml. (tes.; Jalirh. Emtss. tteol. Landesanst. : (teoL Pilren. Stockholm. ; Amer. 
Jov.rn. Science; Annual Rejports XJ.S. (leot. Surv. ; Ball. Amer. (leol. Sac.; American 
Geologist; and Jonrn. (hoi. for the last twenty or tliirty years. Some of these and other 
writings are cited on later pages. For the American literature see more xia-i^ticularly 
p. 1340, secq. 
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The gradual refrigeration of climate at the close of the Tertiary ages 
(p. 1278) affected the higher latitudes alike of the Old and the New 
World. Some of the northern 23arts both of Europe and of North 
America appear to have stood higher above sea-level than they do now. 
Evidence, indeed, has been brought forward in support of the view that 
in some regions the land must have been greatly more elevated and 
extensive during the maximum glaciation than it is now. Thus from the 
floor of the Atlantic around the coasts of Scandinavia, the Faroe and 
British Isles, dead littoral shells have been dredged up in depths of 
])etween 100 and 300 metres, and the conclusion has been drawn from 
them that the general level of the sea-bottom at the time when these 
mollusks lived was 100 to 300 metres higher than at present. Still 
more striking, however, is the inference deduced from the distribution of 
the dead shells of the so-called Yoldia-clay over the bottom of the North 
Atlantic. These shells now live in the high Arctic seas at depths of 
from 5 to 15 fathoms, but numerous dead specimens of them have been 
dredged from depths of from 500 to 1333 fathoms. It seems difficult 
to account for their presence by the drifting action of icebergs or of 
coast-ice, and the only other conclusion to which they point is that which 
Brogger, Nansen, and others have adopted, that they indicate a former 
exceedingly arctic time when the surface of the lithosphere in the north- 
western part of the European region, whether land or sea-fioor, stood at 
a height of at least 2600 metres above that which it now presents.^ 

As the cold increased the whole of the north of Europe came 
eventually to be buried under ice, which, filling up the basins of the 
Baltic and North Sea, spread over the plains even as far south as close 
to the site of London, and in Silesia and Gallicia to the 50th parallel 
of latitude. Beyond the limits reached by the northern ice-sheet, the 
climate was so arctic that snow-fields and glaciers stretched even over the 
comparatively low hills of the Lyonnais and Beaujolais in the heart of 
France. The Alps were loaded with vast snow-fields, from which enormous 
glaciers descended into the plains on either side, overriding ranges of 
minor hills on their way. The Pyrenees were in like manner covered, 
while snow-fields and glaciers extended southwards for some distance over 
the Iberian peninsula. In North America also, Canada and the eastern 
States of the American Union, down to about the 40th parallel of north 
latitude, lay under the northern ice-sheet. 

The effect of the movement of the ice was necessarily to remove the 
soils and superficial deposits of the land-surface. Hence, in the areas of 
country so affected, the ground having been scraped and smoothed, the 
glacial accumulations laid down upon it usually rest abriiptly, and without 
any connection, on older rocks. Considerable local differences may be 
observed in the nature and succession of the different deposits of the 

^ See the evidence on this subject fully stated by Prof. Brogger in his ‘ Om de 
Senglaciale og Postglaciale Nivilforaudringer i Kristianiafeltet,” Norg. (Jeol. Undersog., No. 
31 (1900 and 1901). Proofs of the former greater height of the land in western Europe 
and in eastern North America have long been recognised in the prolongation of fjords and 
land- valleys on the adjoining ocean-floor {ante, p. 391). 
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Glacial Period, as they are traced from district to district. It is hardlj" 
possible to determine, in some cases, whether certain portions of the series 
are coeval, or belong to different epochs. But the following leading facts 
have been established. First, there was a gradual increase of the cold, 
until the coiiditions of modern North Greenland extended as far south as 
Middlesex, Wales, the south-west of Ireland, and 50° N. lat. in Central 
Europe, and al)out 40° N. lat. in Eastern America. This was the cul- 
mination of the Ice Age, — the first or chief period of glaciation. Then 
followed an interval or interglacial period, during which the climate 
seems to have become much milder, though possibly with occasional 
returns of cold. This interlude was succeeded by another cold period, 
marked by a renewed augmentation of the snow-fields and glaciers, — a 
second period of glaciation. 

It has been maintained by some observers that as many as four or 
five distinct epochs of cold are included within the geological interval 
represented by the Pleistocene deposits. Other writers contend for the 
essential unity of the Glacial Period. The truth will probaldy be found 
to lie somewhere between the extreme views. As shown in the sequel 
(p. 1312), demonstrable proof has been obtained of at least one interglacial 
period ; and there may have been more than one advance cif the northern 
ice into temperate latitudes. The interval or intervals of milder climate 
must have been of such prolonged duration that southern types of plant 
and animal life wmre enabled to spread noithward and resume their 
former liabitats.^ Eventually, however, and no doubt very gradually, 
after episodes of increase and diminution, tlie ice finally retired towards 
the north, and with it went the Arctic flora and fauna that had peopled 
the plains of Europe, Canada, and New England. The existing snow- 
fields and glaciers of the Pyi^enees, the Alps, and Norway in Europe 
and of the Pocky Mountains in North America are remnants of the great 
ice-sheets of the glacial period, while the Arctic plants of the mountains, 
which survive also in scattered colonies on the lower grounds, are relics 
of the northern vegetation that once covered Europe from Noi’way to 
Spain. 

The general succession of events has l^een the same throughout all the 
European region north of the Alps, likewise in Canada, Labrador, and 
the north-eastern States, though of course with local modifications. The 
following summary embodies the main facts in the history of the Ice Age. 
Some local details are given in subsequent pages. 

Pre-glacial Land-Surfaces. — Here and there, fragments of the 
land over which the ice-sheets of the Glacial Period settled have escaped 
the general extensive ice-abrasion of that ancient terrestrial surface, and 
have even retained relics of the forest growth that covered them. One 
of the best-known deposits in which these relics have been preserved is the 
so-called Forest-bed group” (p. 1286). Above that deposit, as already 
•described, there is seen, here and there, on the Norfolk coast, a local or 

^ Those who wish to enter into this debated .subject will find it dlscu.ssed from opposite 
sides ill some recent papers by T. C. Cliainberlin and G. F. Wright in the A jiie.r. Jo\rni. Sci, 
.{1892, 1893), with reference.s to other aiithoritie.s. _ 
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intermittent bed of clay containing remains of Arctic plants {Salix ^lolaris^ 
Befida nana, &c., Fig. 490), together with the little marmot-like rodent, 
known as the souslik {S'lminophilm). These relics of a terrestrial 
vegetation are drifted specimens, but they cannot have travelled far, and 
they probably represent a portion of the Arctic flora which had already 
found its way into the middle of England before the advent of the ice- 
sheet. Judging from the present distribution of the same plants, we may 
infer that the climate had become 20°Fahr. colder than it was during the 
time represented by the Forest bed — a difference as great as that between 
Norfolk and the North Cape at the i^resent day.^ 

The Northern Ice- sheets. — At the base of the glacial deposits 
the solid rocks over the whole of Northern Europe and America present 
the characteristic smoothed flowing outlines produced by the grinding 
action of land-ice (p. 550). The rock-surfaces that look away from the 



Fig. 4'.i0. — Arctic Plants found in Glacial Deposits. 
a, Salix polavis, Wahlcnib. ( 3 ) ; h, Betula nana, Linn. ; c, Leaf of same, showing the. size to which 
it grows in more southern countries. 


quarter whence the ice moved are usually rough and weatherworn’ 
(Leeseite), while those that face in that direction (Stoss -seite) are all 
ice- worn. Even on a small boss of rock or on the side of a hill, it is 
commonly not difficult to tell which way the ice flowed, by noting 
to\vards which point the striie run and the rough faces look. Long 
exposed, the peculiar ice-worn surface is apt to be effaced by the disinte- 
grating action of the weather, though it retains its hold with extra- 
ordinary pertinacity. Along the fjords of Norway, the sea-lochs of the 
west of vScotland, and the headlands of Labrador it may be seen slipping 
into the water, smooth, bare, polished, and grooved, as if the ice had only 
recently retreated. Inland, where a protecting cover of clay or other 
superficial deposit has been newly removed, the peculiar ice-worn surface 
may be as fresh as that by the side of a modern glacier. 

From the evidence of these striated rock-surfaces and the scattered 
blocks of rock that were transported to various distances, it has been 

^ C. Eeid, Horkontal Section, JYo. 127 of (icol. Survey, and “ Creology of the Country 
around Cromer” (sheet 68 E.), in Memoirs of (hoi. Survey, 1882. 
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aHrrrtaiiu.l that (!,a whole of Northern Europe, Canada, and the 
•‘"rtlHuai pari, o the United States was buried under one continuous 
miuitlu ui In KurojXi the southern edge of the ice-sheet must have 

lain to th(‘ south of Ireland, whence it passed along the line of the 
Mrisiol (diannch and thence across the south of England, keeping to 
the norUi of th(^ valh*y of the Thames. The whole of the North Sea was 
tilled with io* down to a line which ran somewhere between the coast of 
Ls.>ex and the, pr(‘sen{. mouths of the Rhine, eastwards along the base of 
tile W <-sp!ia,Iian hills, and round the projecting promontory of the Harz, 
whence it swung to the ])asc of the Thuringerwald ^incl struck eastwards 
across Saxony, keepin- to the north of the Erz, Riesen, and Sudeten 
inountains ; then<‘(‘ a.<ir(>.s.s Silesia, Poland, and Gallicia by way of Lemberg, 
anti circling I'ound tiiianigh Russia by Kieff and Nijni Novgorod north- 
wards by the hcatl of th(3 Dvina to the Arctic Ocean. The total area of 
I'iUro pc thus hurled niidcr ice lias l)een computed to have been not less 
than TTOdiOO stjuai't* miles. 

t )wiiig luairdy to the dir-cction of the prevalent moisture-bearing 
winds, the snowfall was greatest towards the west and north-west, and 
in that direction tluj ic^e-sheets attained their greatest thickness. Over 
ScandinaA’ia, wluMi \vus proliably entirely buried beneath the icy 
<'ovci'iiig, it was p<*rhaps betw(3en 0000 and 7000 feet thick when at its 
inaxiinuin. 'I hcncc tdH3 sheet spread southwards, gradually diminishing 
in ihieknos. Put from the striie left by it on the Harz, it is computed 
to havf! been at least 1470 feet thick where it abutted on that ridge. 
'Fhc Scandinavian i(!c. joined that which spread over Britain, where the 
diinmisiffijs of the slunat were likewise great. Many mountains in the 
Scoit.isli HighL'uids show marks of the ice-sheet at heights of 3000 feet 
and more. If to this depth we add that of the deep la.kes and fjords 
which were tilled with ice, we see that the sheet may have been as much 
as tonu or hOfiu feet, t hick in the northern parts of Britain. 

d’liis vast. ii*y c()\'(*riiig, like the Arctic and Antarctic ice-sheets of the 
presi'iit day, was in (continual motion, slowly draining downwards to 
lower levels. I'owards the west, its edge reached the sea, as in Green- 
land now, and hiuhI have advanced some distance along the sea-floor 
until it broke oil’ into hergs that floated away northward. Towards the 
Houtli and (‘ast it ended off upon land, and no doubt discharged copious 
.>1 reams of glacier- water over the ground in its front. In northern 
Germany, Denmark, Finland, and Scandinavia, the southern limits at 
wluMi tile i(-e reste.d ;i long while liefore retiring are indicated by long 
wimiing i-amparts of detritus (Eridmorane). In North America also, 
the .Houlhei*n (‘dg(‘ of the iee-sheet is marked by similar terminal 
ittoraimts/' which are well displayed from Pennsylvania to Dakota. 

The. directions of movement of the ice-sheets can be followed by the 
evidence* (Ist) of .stria*, graven on the rocks over which the ice passed, 
and (2ml) (»f tran.spcu'ted stones (“erratic blocks”) which can be traced 
back their original Kources. 

In Europe tlui great centre of dispersion for the ice-drainage was the 
table- land of S(*andinavia. As shown by the rock-strise in Sweden and 
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Norway, the ice moved off that area northwards and north-eastwards across 
northern Finland into the Ai'ctic Ocean ; westwards into the Atlantic 
Ocean, south-westwards into the basin of the North Sea ; southward, 
south-westward, and south-eastward across Denmark and the low plains 
of Holland, CTcrmaiiy, and Russia, and the basins of the Baltic, Gulf of 
Bothnia, and Gulf of Finland. The evidence of the transported stones 
coincides with that of the striation, and is often available when the latter 
is absent. 

United with the Scandinavian ice, but having an independent system 
of drainage, was the ice-sheet that covered nearly the whole of Britain. 
The rock striie show that while it probably buried the country even 
ovei‘ its highest mountain-tops, it moved outward from each chief mass 
of high ground. Thus, from the Scottish Highlands, which were the 
main gathering ground, it drained northward to join the Norwegian ice, 
and move with it in a north-westerly direction across the Orkney and 
Shetland Islands. Westward it descended into the Atlantic ; eastwards 
into the basin of the North Sea, to merge there also into the Scandinavian 
sheet and that which streamed off from the high grounds of the south of 
Scotland, and to move as one vast ice-field in a south-south-east direction 
across the north-east and east of England. Southwards it flowed into 
the basin of the Clyde and the Irish Sea, to unite with the streams 
moving from the south-west of Scotland and the north-west of England 
and Wales. TJie centre of Ireland appears also to have been an area 
from whigh the ice moved outwards, passing into the Atlantic on the 
one side and joining the British ice-fields on the other. 

It is when we follow the direction of the ice striae, and see how they 
cross important hill ranges, that we can best realise the massiveness of 
the ice-sheet and its resistless movement. As it slid off the Scottish 
Highlands, for instance, it went across the broad plains of Perthshire, 
filling them up to a depth of at least 2000 feet, and ]:)assing across the 
range of the Ochil Hills, which at a distance of twelve miles runs 
parallel with the Highlands, and reaches a height of 2352 feet. Moun- 
tains of 3000 feet and more, with lakes at their feet, 600 feet deep, have 
been well ice-worn from top to bottom. It has been observed that the 
strim along the lower slopes of a hill-barrier run either parallel with the 
trend of the ground or slant up obliquely, while those on the summits 
may cross the ridge at right angles to its course, showing a differential 
movement in the great ice-sheet, the lower parts, as in a river, becoming 
embayed, and being forced to move in a direction sometimes even at a 
light angle to that of the general advance.. On the lower grounds, also, 
the striae, converging from different sides, unite at last in one general 
trend as the various ice-sheets must have done when they descended 
from the high grounds on either side and coalesced into one common 
mass. This is well seen in the great central valley of Scotland. Still 
more marked is the deflection of the striai in the basin of the Moray 
Firth. Northwards they are turned in a N.N.W. direction across 
Caithness and the Orkney Islands, pointing to the influence of the more 
gigantic Scandinavian ice-sheet. On the south side of the basin they 
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run E. by S., until in the north-east of Aberdeenshire they swing north- 
ward under the sea. The stria3 that descend from the eastern and 
south-eastern Highlands bend round sharply to the N.N.E., as they 
approach the coast, with which they then run on the whole parallel, 
showing how the Scottish ice was pressed against the land by the large 
body which occupied the bed of the North Sea, and was here moving in 
a general northerly or north-westerly direction. To the south of the 
peninsula of Fife the strife begin to bend towards S.E. and continue 
that course past the Cheviot Hills into England. The great mass of ice 
which crept down the basin of the Firth of Clyde was joined by that 
which descended from the uplands of Carrick and Galloway, and the 
united stream filled up the Irish Sea and passed over the north of 
Ireland. At that time England and the north-west of France were 
probably united, so that any portion of the North Sea basin not invaded 
by land-ice would form a lake, with its outlet by the hollow through 
which the Strait of Dover has since been opened. 

When this glaciation took place the terrestrial surface of the northern 
hemisphere had acquired the main configuration which it presents to-day. 
The same ranges of hills and lines of valley which now serve to carry off 
the red nf all served then to direct the results of the snowfall seawards. 
The snow-sheds of the Ice Age probably corres})onded essentially with the 
water-sheds of the in'csent day. Yet there is evidence that the coinci- 
dence between them was not always exact. In some cases the snow and 
ice accumulated to so much greater a depth on one side of a ridge than 
-on the other fhat the flow actually passed across the ridge, and detritus 
was carried out of one l)asin into another. A remarkable instance of 
this kind has been observed in the north of Scotland, where so thick 
was the ice-sheet that fragments of rock from the centre of Sutherland 
have been carried up westward across the main water-parting of the 
country and have l)een dropped on the western side.^ 

In North America, also, abundant evidence is afforded of a northern 
ice-sheet which overrode Canada and the eastern States, southwards to 
about the 40th parallel of latitude in the valley of the Missouri. Several 
centres of dispersion have been noted from which this ice moved outward, 
chiefly in a general southerly direction, but in the middle part the ice 
streamed northward into the Arctic Ocean. The great mountain ranges 
farther south likewise nourished numerous valley glaciers, which radiated 
outwards fi'orn'the high ground. Some further details regarding the 
areas covered by the ice, and the traces of glaciation are given at 
pp. 1328-1346. 

Beyond the limits of the northern ice-sheet, the European continent 
nourished snow-fields and glaciers wherever the ground was high enough 
and the snowfall heavy enough to furnish them. As already mentioned, 
the precipitation of moisture during the Ice Age, as at present, was 
greatest towards the west, and consecpiently in the western tracts the 
independent snow-fields and glaciers were most numerous and extensive. 
Even at the present time, the glaciers of the western part of the Alpine 
^ Peach and Horne, Brit. Assoc. 1892, p. 720. 
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chain are larger than those farther east. At the time of the northern 
ice-sheet a similar local difference existed. The present snow-fields and 
glaciers of these mountains, large though they are, form no more than 
the mere shrunken remnants of the great mantle of snow and ice which 
then overspread Switzerland. In the Bernese Oberland, for example, 
the valleys were filled to the brim with ice, which, moving northwards, 
crossed the great plain, and actually overrode a part of the Jura 
Mountains ; for huge fragments of granite and other rocks from the 
central chain of the Alps are found high on the slopes of that range of 
heights. The Ehone glacier swept westward across all the intervening' 
ridges and valleys, and left its moraine-heaps in the valley of the Rhone 
where Lyons now stands. At the same time the high grounds of the 
Lyonnais, Beaujolais, and Auvergne (lat. 45"" S.) had their glaciers. 
Others flourished on ^ the Iberian tableland, at least as far south as the 
basin of the Douro (lat. 41°). Eastwards in corresponding latitudes 
glacier relics become scantier and disappear. The Vosges possessed a 
group of glaciers which have left behind them some beautifully perfect 
moraines. Less extensive were those of the Black Forest, Sudetengel')irge, 
and Carpathians. No trace of glaciation has been detected in the Balkans. 
A similar relation between snowfall and glaciation is traceable in North 
America, but there it is the eastern area which supported the massive 
ice-sheets, while the western plateaux and mountain-ranges, which were 
probably then, as now, comparatively arid, had only valley-glaciers. 

That the ice in its march across the land striated even the hardest 
rocks by means of the sand and stones which it pressed against them, is 
a proof that, to some extent, at least, the terrestrial surface must have 
been at this time abraded and lowered in level. How far this erosion 
proceeded, or, in other words, how much of the undoubtedly enormous 
denudation everywhere visible over the glaciated parts of the northern 
hemisphere, is attributable to the actual work of land-ice, is a problem 
which may never be satisfactorily solved. There seems good ground for the 
belief that a thick cover of rotted rock — the result of ages of previous sub- 
aerial waste — lay over the surface, and that the ‘^glacial deposits” consist in 
great measure of this material, moved and reasserted by ice and water 
(pp. 458, 552). The land, as above remarked, had the same general 
features of mountain, valley, and plain as it has now, even before the ice 
settled down upon it. But the prominences of solid rock reached b}^ 
the ice were rounded off and smoothed over, the pre-glacial soils with the 
covering of weathered material were in large measure ground up and 
pushed away, the valleys were correspondingly deepened and widened, 
and the plains were strewn with ice-borne d6bris. It is obvious that 
the influence of the moving ice-sheets has been far from uniform upon 
the rocks exposed to it, this variation arising from differences in the 
powers of resistance of the rocks, on the one hand, and in the mass, slope, 
and grinding power of the ice on the other. Over the lowlands, as in 
Central Scotland and much of the north German plain, the rocks are 
for the most part concealed under deep glacial debris. But in the more 
undulating hilly ground, particularly in the north and north-west, the 
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has rflhct(‘(l tlic most extraordinary abrasion. It is hardly i^ossible, 
iii{l(‘e(i, to describe iide(|iiately in words these regions of most intense 
gda<*ia,tion. i he old gneiss of Norway and Sutherlandshire, for example, 
has heim so eroded, smoothed, and polished that it stands up in endless 
roumhal hummoebs, many of them still smooth and curved like dolphins’ 
harks, with htUc pools, tarns, and larger lakes lying in basins of the bare 
rock hct:we(‘n tdicm. Seen from a height the ground appears like a 
hilknvv sea, ol cold grey stone. The lakes, each occupying a hollow of 
rio>ion, sf'cm sc*;t,ttei*(^d broadcast over the landscape. So enduring is 
di(‘ rock that, o\-en alter the lapse of so long an interval, it retains its 
in-woiai a>{M‘ct almost as unimpaired as if the work of the glacier had 
hrini d<)n(‘ only a, few generations since.^ The abundant smoothed and 
striat(‘{l rock basin lakes of the northern parts of Europe and North 
.\incrica arc a.^ striking evidence of ice-action (pp. 552, 1386). The 
phenonionon of ‘‘giants’ kettles,” characteristic of many glaciated rock- 
surfac(*s (p. a.) I is another mark of the same process of erosion. 

Icc cruinphid and disrupted Kocks. — While the general surface 
c»f the land has 1 )een abraded hy the ice-sheets, more yielding portions of 
tin* rocks have ]>c.en liroken off, bent back, or corrugated by the pressure 
of the advancing; ice (])p. 5<bS, 069). Huge blocks 300 yards or more 
in length Iiaac. Ikmui liodily displaced and launched forward on glacial 
<i«*iritus. Sindi a,rc, some of the enormous masses of chalk displaced 
and imbcdd('d in the drift of the Cromer cliffs, and the transported 
-beets of biiK’ohishire Oolite found in Leicestershire. ^ The laminse of 
i^liales or slalics ai'c oliservcd to be pushed over or crumpled in the 
dii’cction of iec movement. Occasionally tongues of the glacial detritus 
winch was siiimltan(*ously being pressed forward under the ice have 
Ih'cii intr’udcd into cracks in the strata, so as to resemble veins of 
eruptive rock.’’’ 

I ) < * t r i t u s of the I < m - s li e e t. — U riderneath the great ice - sheet, 
and probably pai’tly incorporated in the lower j)ortions of the ice,^ 
th«*nt acruniubited a mass of earthy, sandy, and stony matter (till, 
boulder <’Iay, “ grundmorilne,” “ moraine-profonde,” “ older diluvium”)- 
wliiidi, pushed a, long and ground up, was the material wherewith the 
char-actcri.u ic flowing outlines and smoothed, striated surfaces were 
producc<l/’ 'rhis “glacial drift” sj)reads over the low grounds that 


^ Smss!!- It}' rnrlics tunift.ntrnrfs in N.W. Scotland maybe of Palceozoic age, and the 

'I'mii idnojaa biv^rias whitrh cover them have a singularly “glacial” aspect [Kature, August 

I -'"H, ;u(d ji. 8irl }. 

• Mr. Straiigways has notitted one. such sheet near Melton which measures at least 
vard ; in Irm/l.h by IbO in breadth, hut may extend beneath the boulder-clay to a 
s'l'ealer di ib'ptu'l of < Ha tL Surr. Cniird KiiigdomAox 1892, p. 249. 

•' On 111*' di rii]d ion of the Chalk ludow the Till of Cromer see C. Reid on “ (reology of 
rji.iin-r/* M> ot. (w'rt,/. Sttn'. 1S82. For analogous phenomena at Mbeiis Klhit, oft‘ the coast 
o! Ih’usn.-uL, »«■»' Johnstrup, J). O'. (J. xxvi. (1874), p. 533. Compare also H. Credner, 
at. \XMi. n^SO), p. 75. F. Wahnschalle, op. uL xxxiv. (1882), p. 562. 

^ Ibiiekner. /^voV.-’.v (^'luif/rfipliisrhe AhhiuidL Baiul I. Heft 1. 

A:, above Mig|ge.si('d, the materials of the till, at least at the beginning, may have con- 
MHlril largely of a layer of ileeomposed rock due to prolonged pre-glacial disintegration. The 
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were buried undei; the; iiortlKini icci-shccls, usual ly <>n .uirfacc.s 

of rock that }ia\'o becai worn snK>oUi, disru}>l.(‘<l, oi* crniaijlrd by irr. ft 
is not spread out, however, a,s a. miifoian sheet, bul varies yre.-uh- jn 
thickness and in i]T(i4;'ula,i-ity of surlata*. Msp«‘eia!ly roiiud thr laoim 
tainous centres of dispei'sion, it is a,|>t to oeeur in lon_y ridyes (“drums,’' 
or “ (Iruniliiis ”), wlnbili run in l.lut yenera,! dirtM-tion of the roek .a riat ion, 
that is, in the paili of the ic(Muov(iim‘nt. It may let trar.-d up main- 

valleys into the mountains, und(n'lyin,y tin* moraines of the later vlaei:! 
tiom In otlnu' valleys, it lias luam remov<‘d hy the yoiuiyer ylaeimv:. In 
most ylaeiated eountaa'es tin*. l)oiilder-(;la.y is not one eonfinuou« depo.dt, 
but rm-iy la; S(‘.pa, rated into two oi* inoia; distim’l. foimiations, whieh lie (me 
on tin; other, and mark distinct- a,nd suecessaba* jieriods of time. 

In those areas which scrviul a,s indi'pcmdcmt emitresof di.-ftei ion f(»r 
the ice-sheet, I )()uld(‘.r-clay pailaknas la.ry(dy of the local eharaetor of t lie 
rocks of each district where it- occurs. 'Flms in Seotlaml, tli«‘ eia\‘ \ari»-s 
in colour a.nd eornposition as it- is traced from distr’iet to di: trie!. ( )\ rr 
the (Jar])onifcrous rocks it is dark, over the Old hbal Samd.-fom-." it is 
red, over the Siluia'an rocks it. is fa wn-eoloured. 'Die material of the 
deposit is genera, lly an ea,rthy or stony <*lay, which in the h»uer part,> is 
often exceedingly compact a,nd tcmacioiis. 'Fhe higher p(U’fion ; are 
frc(jucntly loosi; in texture, hut altcrm'itions of haiO tmiyh elav ami imua* 
friable material may he in<‘-t with in tin; same dep(*.il. In ‘jeneral, 
houldcr-clfiy is uiistra,tifi(;d, its nia,t(‘rials heiiiy irreyularh' and tumuhn 
ously li(;a,ped toyctluir*. Hut rud(‘ tnices of laaidiny may not jnfre(|U(mth 
be d(3tected, wliih; in some casias, especially in the hiyhei* elav s di tini'-t 
strati lica,ti on or intei'ca, hated scams of sand or yivivfd ma\ be oi» (rved. 

The- y,’rcat nia,j(>rity ()f till; slom‘s in boulder (day art* <>t local (ubjiu, 
not alwa,ys from tin; immediately a,(ija.eent rock>, but from p(*iii|. 
within a distance of af(;wmilcs.‘ Kvidence of tramyx.rt can h»- valheied 
from the stones, for they an; found in almost every ca -e tn include a pno 
portion of fra^nnents which hav<; conn* from a. disfanee. d'h,* directum 
of transport indicated hy the ]>crcenta^c. of (ravelled sfom* . ayree. uuh (Ik* 

■ trac(3s of ice-movement as shown hy the rock stria*. 'Fhu-, in (be lower 
part of the valley of tin; Firth of Forth, while, imof (»f the fravuienis 
are from the surrounding ( a.rbonif(*r<»us rock.s, fnan b n, :;n jn y cent 
have come eastward from tlu; Old Ibai Saiidstcme ranye <A the Uchil 
Iiills-~-a distance of 2a or bO mih;s ; whih* 2 to b p(‘r eeuf are pi(”ce of 
the Ifighlaiid rocks, which must hav<; come frami hivh yramjjd^ at least 
50 miles to the north-west. The farther the st.»m*s in the tdi have 
travelled, the smaller they usually arr*. As each main mas . (4 (devafed 

manner in wliictli tlu* g1a(U(M\s <»r ami (Jn-.-nlanU iiee.lv.- ajei |hv s Imi v. u,| 

upward the detritu.s beneath them, lias been di*MTilH-d ;it pp. 511 d}*'. 1 ?|.r j- na 

override soft deposits without disj.Iaeing them, Ij.t. l.een nofi.'e.i in Ala ka. :u,d a e n .rjb.-iMr 
example of the oeeasional and smnctime.s e.\l<'n.dv{' pr('-.«>rvaf icn of umfi lai h. d p.,. 
glacial deposits under the till is ]n'eseid.M| hy Ih,. “ Fi.n- f I*.-.!*' y,nup, wi,ch ha. r -a|.rd 
for so wide a space under the (Iromer (dills, with tludr pn.ofod' emn-ncos n UiMV. n.. i,|. 

^ See K. 1). Salisbury, “'I'ln* Lotral Origin of Olarinl nriU.” ./.,crc. vm. Il hom, |,. 

420. This general local origin is us marked in Canada and tlie United MuU . aa in Kimd'a . * 
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t!:roun(i s(*t‘iiis to have eaused the ice to move outward from it for a 
rcrtaiii distance, until the stream coalesced with that descending from 
SOUK! other height, the 1)ottom-nioraiue or boulder-clay, as it was pushed 
along, would doubtless take up local debris by the way, the detritus of 
each district, b(iconiiiig more and more ground up and mixed, until of the 
s^o^(^s ftum remoter regions only a few harder fragments might be left, 
hi cases where no prominent ridges interrupted the march of the ice- 
shect, and whm-e the ginund was low and covered with soft loose 
deposits, bloc.ks of liard crystalline rocks might continue to be recognis- 
able lar ti'<»m their source. Thus in the stony clay and gravel of the 
plains of Northern (deimiaaiy and Holland, besides the abundant locally- 
derived detritus, fragments occur which liave had an unquestionably 
north(‘rn origin. Some of the rocks of Scandinavia, Finland, and the 
rpper halt ic arc of so distinctive a kind that they can be recognised in 
small jiieees. Fh<* ])ecn]iar syenite of Laiirwig, in the south of Norway, 
has been found a.l)iindantly in the drift of Denmark; it occurs also 
in that of Ilaanburg, and has hecri detected even in the boulder-cla}^ 
(»f t he nol(i(‘i'n(‘ss cliffs in Yorkshire. The well-known rhomhenporphyry 
of Southern Norway has likewise been recognised at Cromer, in Holder- 
nes.'^, a.n<l around (Janihridge. Fragments of the Silurian rocks from 
(hitiilaml, or from the Kussiau islands Dtigo or Oesel, are scattered 
abundantly through the drift of the North German plain, and have been 
met with as far a.s the north of Holland. Pieces of granite, gneiss, 
vai’ious sehists, poiqdiyries, and other rocks, probably from the north 
of Furope, occur in the. till of Norfolk.^ These transported fragments 
an* an imprt*ssive testimony to the movements of the northern ice. Na 
Seniidina via n lilocks Inive liecn met Avith in Scotland, for the Scottish 
ire wa-^ massiv(‘ enough to move out into the basin of the North Sea, 
unfil it met- tin* northern icc-sheet streaming down from Scandinavia^ 
wideli was tlnav'by kept from reaching the more northerly parts of 
Fngland. 

'ihe .goncs in bouldcr-clay have a characteristic form and surface. 
Hicv ail* usually oblong, have one or more flat sides or “soles/’ are 
unnothed polisluMl, a-iid have their edges worn round (Fig. 159). 
Wlierc they consist of a, fine-grained enduring rock, they are almost 
iiuariablv sli’iated, tlie stria* running on the whole with the long axis of 
the stone, though one set of scratches may be seen crossing and partially 
etlaelng another, whi(di would necessarily happen as the stones shifted 
their po>iti<m undci' tJie. ice. These markings are precisely similar to 
lh»»se on the soliil rocks und<‘rneath the boulder-clay, and have manifestly 
Im-cii produced in tln^ same way by the mutual friction of rocks, stones, 
and grains of sand as tlie whole mass of (I6bris was being steadily pushed 
on in ont^ general direidion. 

As above remarked, Imulder-clay is not always a single continuous 

5 'rhi-'.s- <'i from tle-ir {Hitro^r.aphical chunicters, {ii)[)ear to me to he certainly not 

trufM IfuU tliat heen their source they could not have failed to be accom- 

t bv abiiiplunt {rnijiaents al' nxtks of the south ot Scotland, which are conspicuously 
al.HrnI, See Mad, sen, Q. J, X xlix. (1893), p. 114. 
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deposit. On the contrary, when a sufficiently large extent of it is examined, 
evidence can commonly be found of two or more distinct divisions. 
These are separable from each other by differences of colour, composition, 
and texture, sometimes by an intercalated deposit of another kind. An 
attentive study of them shows that they have been formed successively 
under ice-sheets moving often from different directions and transporting 
different materials. Their limits of distribution also vary, the lower and 
older subdivisions extending farther south and spreading over a wider 
area than the upper. 

It has occasionally happened that during the movements of the ice a 
series of boulders near each other and about the same general level in the 
boulder-clay have been all scored and striated in the same direction. 
Such “striated pavements’’ were first noticed in Scotland by Milne Home 
and Maclaren,^ and afterwards by Hugh Miller and others. They prob- 
ably indicate intervals during which the ice may have been stationary 
or even retreated, and after which it again advanced, ploughing its way 
through the overlying detritus down to the platform on which these 
boulders had been deposited. 

The boulder-clay has been regarded as a characteristically unfossili- 
ferous deposit. In maritime districts, indeed, it has long been known to 
contain broken marine shells, and as the harder fragments of these shells 
are often striated, the opinion has gained ground that their presence 
proves the ice-sheet to have crossed parts of the sea-bed and to have 
ploughed up the sea-floor. Further research in recent years, however, 
has shown that minute marine organisms are much more widely dis- 
tributed in the deposit than had been believed. Foraminifera have been 
obtained from the clay from a wide region of Scotland at all heights up 
to 1061 feet above the sea. Similar microzoa have been obtained from 
the boulder-clays of the west of England, while in Canada they have been 
found in boulder-clay at heights of 1850 and 1900 feet near Victoria on 
the Saskatchewan river, far in the heart of the continent.- The question 
■of the extent of the glacial submergence is discussed at p. 1317. 

Interglacial beds. — That the deposition of boulder-clay was 
interrupted by milder intervals, when the ice, partially at least, retreated 
from the land and allowed trees and other vegetation to grow up to 
heights of 800 or 900 feet above the sea, was first proved for Britain by 
observations at Chapel Hall, Lanarkshire.^ During the forty years 
which have intervened since these observations were published, a large 

^ D. Milne Home, Trans. R. S. Edin, xiv. (1838), p. 310 ; C. Maclaren, ‘Geology of Fife 
and tlie Lotliians,’ 1839 ; Hugh Miller, ‘Geology of Edinburgh and its Neighljourhood,’ p. 
35 ; Hugh Miller (son), Froc. Roij. Fhys. Soc. JEdin. vii. (1884), pp. 156-189. An instance 
from Wilson, New York, is described by Mr. G. K. Gilbert, Journ. Geol. vi. (1898) j). 771, 
who supposes that the boulders were pressed into their present positions by the later eroding 
ice-sheet. 

- See, for Scotland, J. Wright, Tmns. (ieol. Soc. Glasgow^ 1894, pp. 263, 270 ; J. Smith, 
Brit. Assoc. 1896. For west of England, T. M. Reade, Geol. Mag. 1892, p. 310 ; 1896, 
p. 542 ; Froc. Lioerjmol Geol. Soc. 1893, p. 36 ; 1899, p. 350 ; Q. J. G. S. liii. (1897), j). 341. 
For Canada, G. M. Dawson, Journ. Geol. 1897, p. 257. 

^ A. G. Trans. Geol. Soc. Glasgow, vol. i. Part ii. (1863). 
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aiiiount of julditional iiifofnuitiou on this subject has been collected in the 
Hritish IsL'uuls, on the continent of Europe, and in North America. The 
l>nui(}<‘r clays now well known to he split up with inconstant and 
local St i'a.t ification.s of sand, <i;ravcl, and clay, often well stratified, pointing 
to conditions <juitc. distinct from those under which ordinary houlder-clay 
was acruinuIat(Ml. dliese intercalations have been recognised as bearing 
witiK'ss to inl(‘rvals when the ice retired and when ordinary water-action 
cainc into play o\'ei’ the ground-moraine thus exposed. Much controversy, 
!iov\ <*\'ci', has arisen as to tlui chronological value to he assigned to these 
intervals. 'To sonii^ geologists the intercalations in the boulder-clay 
appc'ar to indicaln little more than seasonal variations in the limits and 
thii'kne.s <»f the ita* sheets, such as now aiiect the glaciers of Scandinavia 
and the Ai])s. To othei's, again, they furnish proof of successive inter- 
glacial periods ])y which the long Ice Age was broken up. Thus Pro- 
fessor dame-, (hdki<;, reecaitly reviewing the whole evidence on the 
suhject, ha> coni(i to tlui conclusion that there were really in Europe six 
glacial intervals (‘luhraccul within what is called the Glacial Period, 
separated iVoin (*a,<*h oth<‘.r hy (iv(i interglacial periods of mild ■ tempera- 
tui'c. 'I'he-c int arrang(‘.s and names as in the subjoined table : ^ — 


! i. ( jf!T! m ♦Jt.li (JIaci;i,l Kpocli, indicated l)y tlie deposits of peat wliicli 

lajct rlif t)ic in\vt*r raised beaches. 

!»'. rpp* !' h'nivstiaji or ath 1 uierj^lacial Epoch, shown by a buried forest, with a 
l.inijj. ami tlora, indicative, of a ti‘in])erate and dry climate, 
a. I.MVe j Tarbiubui <>r btli (tbacial Kpocli, represented by certain peat deposits 
Mv.'iivaiu the lower Forest -b<*d, by tlie Carse-cbiys and raised beaches of Scot- 
.rad in part. l>y tin* /./7b//'///^/-clays of Scandinavia, 
bo.-,. 1 Fore tian or Ith Intcr^dacial E])ocb, embracing the great fresh-water 
1)..‘ nl' tin* Ihdtic area ( . r/c.7//a.v-beds), the lower forests under peat bogs, 
cj-i ^iie A///<ev‘//c. clays of Scandinavia iii part. 

,\b- •Lh-rdmrgian ..r ttb ( tlacial Kiaadi, esjaadally displayed in the groimd-iuoralues 
.iji'i 0 ! ndnaj niitraines of the last gn*at lialtic glaci(.*r, which reach tlieir southern 
Un.o' i!i Mecklenburg; t<» tli«i same stage are assigned the IW^/m-beds of 
.■* oeiijj.'C ia. and the 10(1 feet bn’race of Scotland, 
h. \. n‘‘» |J;ui (O' brd Interglacial Epoidi, represented hy marine and fresli-water 
u . i!s between tile i >()U Ider-days of the soiitlieni Baltic coast-lauds, 
ri or :;rd (Ikacial Epoch, rc’prcsented by the glacial and tluvio-glacial 
;t :1a, t ions of the minor Scandinavian ice-sheet, and the “ Upper bouldei- 


b li. 


-4 mirtbcrn and west.crn Eiirojie. ^ . o • 

* * :jji or *Ju<l I jitei’chK'ial Epocii, represcnt(Ml by the lignites ot Switzci- 
i'i, tin* iiit crLdac-ial licds of Britain, 

:iu or ‘gild (dar-iai Epocli, including tlie accumulations of the period of 
a, jui lilin'iat ion, when the northern ice-sheet extender I to the low grounds * 
Miiy, and the Alpim* gluehms formed the moraines of the outer zone, 
t-b.ia'n or'l 4 1 nlergl.'H'ia,! E])oeh, typically represented hy the Forest-bed 

■■ ..***'i Mdldtl Epoeh, rcjiresented only in the south of Sweden (Scania), 

4 w- , . oven hid. *n by a. large I>>a.ltic ghi(*u*r. To this period may belong the 


./.no 
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S' .an ( 
; fiov; 

< ; 1 * ' N . 

n/. fh. 

H luring 

\4fb. 


nn t ! -'.♦b , p. lb This chissilication is here given as an illustration of the 
ol Niilhivi.inu wl.ich h;iv-u proposeil. Kut its :ipplical)ility to the 
a-i l.rr-ii '•.■illc.il ill Iiii.-Blioii. l>rofes.sor Keilhaek and liis colleagues on the 
;.l S.ii vvy 1,1V of opinion that the g,-o„i,d-,norai,ie called the Upper houldei- 
,;,,oi of lii.hiiiL'iny to more tliaii a single ine-epoeli (oji,. cU. v. (1S97), P- 11®^’ 
,| 1 imiiiiliiim llnit Umiv, has hecii only one glacial period in Sweden [Sreriy. 
('. No. l.'il. IK'.i.'i : translated into Gorniau hy Dr. W. WolIV, Berlin, 
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Gliillesiford Clay and Weyboiiru Crag of Norfolk, and tlie oldest terminal 
moraines and 11 uvio -glacial gravels of tlie Arctic lands. ^ 

Much difficulty in forming definite conclusions as to the importance 
of these obvious interruptions in the deposition of tlie boulder-chiy 
arises from the absence of continuous sections wherein the order of 
succession of the several stages of the glacial history can be demonstrated 
by visible relations of superposition. A section at one locality has to be 
correlated with another at a greater or less distance, and assumptions 
have to be made as to the identity or difference of the various deposits. 
The evidence of fossils can hardly be said to be available, for it is so 
fragmentary as to have given hitherto little aid in determining the 
chronology of the deposits in which it occurs. The most successful effort 
to utilise the marine shells of the late glacial and post-glacial deposits 
for purposes of stratigraphical subdivision and correlation is that of 
Prof. Brogger in the Christiania district.- 

The existence of two distinct deposits of boulder-clay, which has 
been found to be so widely recognisable, with an intervening groujD of 
sands, gravels, clays, and peat-beds, may be taken to afford good proof of 
two advances and retreats of the ice-sheets, with an interval of milder 
climatal conditions between them. The lower boulder-clay probably marks 
the greatest extent of the ice. The upper boulder-clay shows that 
though the ice on returning attained huge dimensions and formed con- 
tinuous ice sheets over much of Northern Europe, it did not descend as far 
as at first. Yet while these two main e23ochs of maximum cold appear to 
be satisfactorily established, there seems no reason to doubt that each of 
them may have included minor fluctuations in temperature or in snowfall, 
so that the ice-sheets may have alternately or intermittently advanced and 
retreated over considerable tracts of country. The ground-moraine, when 
thus laid liare, may have been reasserted by water, arising from the melt- 
ing of the ice or of snow, so that as the ice once more moved forward, it 
here and there pushed its detritus over the aqueous deposits of the milder 
interval. But the contrast between the lower and upper boulder-clay in 
composition and extent shows that the interval which separated them 
was probably of prolonged duration. That there is here evidence of at 
least one important interglacial period is generally, though not universally, 
admitted. But many able observers do not consider that the evidence at 
present known warrants us to advance further, and they refuse to recognise 
the multiplication of such periods as has been proposed. It certainly 
seems safer, when the scattered state and uncertainty of the correlation of 
the deposits are considered, to suspend judgment on this subject and to 

^ Professor Chamberlin has proposed an analogous classification of the glacial deposits of 
the United States, recognising an alternation of glacial and interglacial epochs, Jourri. GcoL 
iii. p. 270. The attention of the student should be directed to the risk of error from the 
tendency of superficial glacial deposits to slip, and thus to overlie more recent deposits, and 
produce a deceptive appearance of interglacial alternations. Mr. Clement Reid has pointed 
out that some supposed interglacial peat-beds contain the seeds of introduced and cultured 
plants, and cannot therefore, as now exposed, be of the age claimed for them, Geol. Mwj. 
1895, p. 217. ^ Cited on p. 1302. 
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])e content with the I’ecognition meanwhile of one great interglacial period. 
The ])est evidence for such a period is supplied by layers of sand, gravel, 
or stratified clay intercalated in the boulder-clay or moraine deposits, and 
accompanied with beds of peat or ligjiite, and an association of the 
remains of terrestrial plants and animals, sometimes Avith fresh-water 
shells. Such intercalations are Avidely distributed between the loAver and 
upper boulder-clays of Britain, and in the older moraine series of 
Switzerland. Olbviously, hoAv^ever, deposits of the same age may surAUA^e 
outside the glaciated regions, though there may be no A^ery reliable means 
of establishing their correlation. Thus the older alluvial terraces of the 
south of England and north- Avest of France, Avith their remains of extinct 
mammals and human implements, have been regarded as ec[uivalents of 
some of the interglacial deposits. 



4f»l. — Maniniotl) (JCle])Ji(is prim iijnniiis) 

From the .skeleton in the Alusee Royal, Bru.ssels (much reduced). 


Flora and Fauna of the Glacial Period. — As great oscillations of 
climate took place during the Ice Age and in some cases probaldy lasted 
for a long time, the plants and animals both of land and sea could hardly 
fail to be seriously affected. During the cold interATils northern forms 
would probably migrate southAvards, and in the warmer episodes southern 
forms Avould push their Avay northward. Among the distinctively Arctic 
or northern plants may be cited Salix polaris, S. reticulata, Betiila- nana, 
Dryas octopetala, and numerous mosses, such as Bryum lacustre and Hypnum 
mlUchroum. The Arctic terrestrial animals include the mammoth (Fig. 
491), Avoolly rhinoceros, musk-sheep (Fig. 492), reindeer (Fig. 496), Arctic 
fox, and lemming. 

The marine invertebrate fauna shared, though in a less degree, in the 
effects of the meteorological and geographical changes. During the times 
of great cold northern species found their Avay sontliAvards, some of them 
even as far as the Imsin of the Mediterranean. Mollusks and foraminifera, 
now only living in high Arctic seas, then flourished abundantly over the 
submerged south of Norway, such as Pecten islandicus, Portlandia (Yoldia) 
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arctica, Nuculana (Leda) perunla, Telhna {]\Iaroiii(t) at /rami ( — lafa)^ Sa.nrfini 
arctica, Foljjstomella, wrctica. Among the immigrants into l>rit;iiii wei-e Farlrtt 
islandicus/ Telliiia (.Utfroma) ca/curca, Forfltritdia { Yo/dia) airtira^ a,ii<i n. 
number of others (Fig. 494). These fiourislied while tin*, cold lasted, but 
were eventually killed off as the temperature rose, and are now restrict (•< I 
to Arctic waters.^ The marine vertebrate fauna was cluu*aeterise(i b\" 
the presence of species which have long retreated to the far north, such 
as the Arctic seals, whales, morse, and othei-s. Thus from tin*, higher 
raised beaches and glacial brick clays of Scotland the renniins of the 
Arctic fioe-rat (F/iom Impida) have been obta,incd at a number of places.*’ 

During interglacial conditions the climate in the northern {)a,rts of our- 
hemisiDhere was probably more equabh*. and mild than a.t presimi, with a 
higher mean temperature and at certain intei*vals a, gi-eatrn* pi*(‘cipitat i<in 
of moisture.*^ From the genci-al aspect of the flora and fauna, })i-esei*\ i 
in interglacial deposits in Britain it may pei’ha|)s be, iiif(in-(5d tliat therr 
was then more sunshine than now. Mr*. Ihnd ha,s suggested that tin* 
scarcity of thoroughly aquatic rnollusks and of fish indicatiis that- during 
some stages, at least, the climate, whihi colder- than at prrrscnt, was 
dry rather than moist. As a result of mor'(i favoui-ahh^ ni(4(‘orologic;il 
conditions vegetation flourished even far rioi-th v-hm-c it ('a,n now har'dl\' 
exist. The frozen tundr-as of Siber*ia ap])(‘ar- then to havt* snppor-tcil 
forests which have long since heen extirpated, the pi-e.sent northm-n limit 
of living trees lying far to the southwa.i-d. Indications of a moi-(‘ cupiaJdc 
and milder climate are likewise supplied liy the plant.-r-ernains foutn I in 
Pleistocene tufas of different par-ts of Kur-opc, wher-<^ .s{)(‘ci(*s now resiih-tod 
to more southern countries wei-e then able to lloui-ish, tog(‘thm- witli titoso 
which are still nati\’c there.-'* 

The interglacial terr-estrial fauna was marked moi-e (^speei.ally hy tin* 
presence of the last of the huge })achy(hu-ms, wliiidi had for so many ngc.- 
been the lords of the European forests and pastures. Tin*, mammoth and 
rhinoceros, which then roamed over the jilains of Siber-iaand a, cross mn>t, 
if not the whole, of Europe, were probably driven southward by the increas- 
ing cold. They appear, however, to have surviv<td some of the adwanees 
of the ice, returning into their former ha.unts wluui a less wintry (-limate 
allowed the vegetation on which they In-owsed more* to ovm-spr-ead 

the land.^' Some of the mammals now restricUal to the far north liku^wise 

^ Valiuil)lc lists ot tlu^ inolliisks ol the (llucijil I’ciiud ui'f l>\‘ lIr(iL‘'”rr in fj*? 

iiiemoir cited on p. 1302. An {iiiipli* catal()<;-n(‘ of Mic roramiiiircra ha:, ln-cn prepan U l.y 

Madsen, ‘ Mcddelelser fra Dansk ({(*olo<^. VonMiinp:, ’ Nhi. 2, I Siiri. 

- Sir \V. Turner, Journ. A nut. Phjisiol. iv. (iS/t'-iy J». 

•' J. Croll, Phil. M(Uf. ISSo, ]>. 30. 

^ He has discussed tlie Ue-u-iui^ of jiast lloras and faunas as a wliulr upon the rv(jlut iun ,,t 
climate, Xaiural lidence i. (1892), ]>. 427 ; iii. (IMC}}, p, 3G7. 

Matliorst, Knglers Jintatdschv- J(dirh. IS.Sl, ji. 431 ; ( '. Sehrnici’, ‘ I)ii’ i’‘!(ira d» i 
Eiszeit,’ Ziiricli, 1883. 

The inainniotli lived in the iiei^-hboiirhood of tin? cvtiuft volcanfx's of ( Vntral tiah, 
^vllicl^. Avere then in lull activity. Eroni <lis(.:ovcri«*s in Kinland, it. lias hern iidVrrvrl fha! 
tile extinction ol this animal may not have licen luuc.h lud’orc histori<*.al times. A. .f. 
Malnigren, Oefi\ h inal’. \cf. Sor. Juirh. xvii. p. 139. ('onsiilt ll<»yd Dawkins on Ihe ranvo 
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‘ir way into (‘.ouutrics from which they have long disappeared. 
'The reindeer migrated southwards into Switzerland,^ the glutton into 
Auvm'gin*, while tlie musk-sheep and Arctic fox travelled certainly as far 
as t he, Pyi'onees. As tlie climate l)ecame less chilly, animals of a more 
soutlnn’ii type advanced into Europe: the 2:>orcupine, leopard, African 
lynx, lion, striped and s^rntted hyaenas, African elephant, and 
hippopo{;unus. 

In tin*, nomglaciated regions various deposits containing remains of 
land animals a.nd plants have keen tentatively correlated with different 
pa.rts of the gla.cial sen’ies, hut such com- 
pa,risons havci often oidy a shmder 1)asis on 
which to rest. Such is th(i calcareous 
sandy clay which covers the surface of the 
great plains ])(‘t,W(i(‘.n South Dakota and 
d’exas and which has IxMm na,med the 
Slnnhlan Stag(‘. (K({uus Ixuls) from its 
«h‘Velopment in vShcridan ( bounty, Ne])raska. 

In tiiat State, a, lannarkakle a,sscmhlage of 
niainmaiian rtnnains has heeu ol)taincd near 
I lay Springs comprising liorses, ctirncls, a 
variety of the nnunnudh and a sloth, to- 
get/ticr with tlni ramiains of |)t‘airi(5 dogs, goi)hcrs, field mice, and musk- 
rats f(»nns still living on the neighhouringiffains.- 

Ivvidotices of Sul)m(U‘gence.''* — Itefcrence has been made in the 



Fi". — Back view of skull of Musk- 

Klie(‘p {Unbox mosdiatus, !,), Brick-eartli, 
Crayford, Kent. 


fin't LTiiint; to t-hc ])i-ol)al)ility that at the time of maximum glaciation 

the lam! in iioi'thcni Kiinipe and America stood at a higher level than it 
does tnnv, a, ml to |)r()ofs of .sid)sc(|uciit submergence. The presence of 
marine ,-diells and t'oraminifera in the lioulder-clay has been held by some 
idt-erver.-i to iiidicatf! the marine origin of the clay in which they lie, and 
tiius to denionstrah! the former submergence of the land at least iDelow 
tlte n|)i)eT limit at which tliey have been found. By other geologists 
the,..e iirgani.sins in the houldcr-clay arc believed to have been 
pu.-Ji<'d out of th(i seti iloor by the ice-.sheets and carried up over the 
bind, (tbviously tile natural interpretation of the occurrence of marine 
organising is that, tlni <leposit containing them has been laid down 
oirthr , ra-hot.l.oni, from which it has subse(|uently omorged as land. 
Tlioiv are e.oudit.ions, howeve.r, in which the materials of the sea-bed may 
eoneeivably he spread over the land without any oscillation of the litho- 
.-pliere, \Ve ha ve .seen that in the. groat Grcctdand glaciers there is a 


.,1 t!jr iij.’uumotli ill and lime, 

.1/tf'/. IHKO; ‘'Idif Maiiniioth ainl Uiu 
3 (»5i Dip ilislrilditinii «>f tin* n*iii<l<M*r at, 


.S'. .\xxv. (1870), ]). 13S ; and Sir H. Howortli, 
Fl<»o<l ’ ami ‘ The (Uacial Nightmare.’ 
pre.seut and in older time, see C. Struekmann, 


x.iu.-h. !h i>fsrh. xxxii. (IS.SO;, p. 728 . 

- W. li. M;dt!i,-w, /;»//. .leer, .l/e.v. .V«/. llhl. .vvi. (lOOo). p. 317. ^ 

.. .s,,. nu. rve«.v.v,.i. cu-x-xiv.fi.sii3), A.pp.903-flS4 ; p. ./. ot ,s'. 

J.J 1, I!, .11 7V,orv. ov,,/., S', «■. o'W/e,c, 188!), p. 10(1 ; 1392, p. 3:11. 1. Mellavd 

l’-„.,."l,.’'’ O',,./ l/,e/ 1S92. p. 310 ; I.S!)3, p. 10 ; ISO'l. P- 5-12 ; ^’aUr<a December 


I uiid p:i|H‘l'H «‘ii«‘d on later pages. 
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marked transport of dctivitus from tlic kottoin !<» tlie surfa<'<‘ ot IIki i(*o. 
Where a thick ice-sheet crosses a shallow s(‘a tJiis kind of transport nin,v 
still continue and may result in tlie enclosure and re!nio\a,i oi inort- oi 
less mud, sand, stones, and shells from tluj l)otl,oni nt the. s<‘;l' As the 
ice is pushed out of the marine l)asin hy the piaassiire ol tin* mas.-- 
behind the marine detritus may lx ca.rri(xi np u])()n the land. I liose 
who adopt this explanation of the marine oi-eanisnis in tin* hnuhhu* 
clay point in support of their views to tin* universally hroken and (‘\'en 
comminuted condition of tin*, sludls and t}n‘ir lr<'(jU(‘nt striatien, 
the constant separation of tin*, valv(‘s (»f flui lanntiibranehs, to the 
absence of deep-water forms whicli must surely have hetm liviny in 
the adjoining seas, and to the remaakahhj eoniniingling oi liv ing shallow 
water species with othei's that have long lx‘e,n (‘xtinct. It must- lx* 
admitted that during tlie (ithicia.l P(‘.riod ie(!-sln‘ets iilleal and crossed tlio 
sounds and more or less enclose.(l seas of the nortlnuai h(‘mispher<*. 
How high tliey may have been pushed outof tin* sca hottoin upon the 
land would depend on their tmiss and tin* vvk e // yv/c that inip«*ilc(l them. 
Whether they could elimh as far as tin*. altitud(‘s at which inarinc* sln*lis 
have been found is a (piestion foi* the salislaetory solution ot which our 
present information regarding tin* j)hysics ot gi’(‘at ic(‘ .sheets is in 
sufficient. 


As already stated, theia*. is good reason to think that a.t. tlie 
height of the glaciation or sonu?. time he.foia*. it, nundi oi Northern 
Europe and North America, stood at a higher level than it lias siin'o 
reached. AVhile ice still a,))ound(*d f>n its suit'ace the land was graduall\’ 
submerged. The iee-fields we.ia^ carri(‘d down helow the si*a, h^vel, whein* 
they broke up and cumbered tin*. s(*a with lloating herg.-j. 'File heap.s 
of loose debris which had gatln*r(‘d under the, ir*e, Ixu'iig now (*K[x)s«*d 
to waves, ground-swell, a,ud imirine eurr<*nts, were tfierehy mouc (u* 
less washed doAvn and reassortcxl. (‘oast ii'e, no doubt, still i’onuefi 
along the shores, and was hroken u[) into moving iloes, as happens 
every year now in Northern Gr(*.<‘.nland. Tlni proofs of this jdiase of 
the long Grlacial Period are contaiin*d in shc-lb Intaring sands, gravels, 
and clays overlying the coa,rse fihha* till, and are perhaps, to sonio 
extent, furnished by erratic blocks.*’* It is dilFn-ult to determine thp 


* Masses of submarine clay, as lias been su'^f'ested i)Y v:iri«>U' ubici vt-j , may i nma'j** am> 
be ploughed out of the sea-boitom aiul be transportod Ibr a Iniu' dr taiur v.ifliouf IIp' 
crashing of all tbeir enclosed orgaiiisin.s. 

“ P. F. Kendall, 0V:o/. J/m/. bSbg, p. .101. 

” For a study of the bite glardal a,nd ]»ost.-gla{dal depudt. .. which cln'**ijicjf’ Ihr :aicr<> 
phases of the Kubniergcnci*, see the incinoir of I'rrd'. Ilpc/gcr, alivady cited, wla-rc tin- 
suliject i.s worked out iu great detail in I'clermci? to tlj«* n-i.'i'Ui *d' Sfudbcni Xorwar. For .'lu 
acuouiit of the dispersion of “erraties,” as illustrated by IIio.m- of Kngland and Wale., sro 
Mackintosh, Q. •/. O'. ,S'. xxxv. (lS/0), j». .iiin ; .and h’eport'- ot the ( 'ominif !ci* appouitcd 
investigate tills subject hy tlie British Assoei.at ion, 1 >7*2 bo; dnee wldcli latter year tin* n- 
constituted Committee lias inchuUsl Sitotlaiid. For those; <it baud muefi iutoruialiou lia » 
beeii gathered by tlie Boulder Committee ot the Boyal So.dcty ot Kdinhiirgli : /b-c. /b,y. 
>Sbc. 1872 and subsequent years. Krratic blocks luive pndjablv in the v.a i majority 

of ca.ses been dispersed hy bind-ice, and not by lloating ice. 
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extent of the submergence, and no part of the chronicles of the Ice Age 
has given rise to more discussion. Those who hold that the mere 
presence of marine organisms is enough to prove submergence, maintain 
that as sea-shells are found in JSTorth Wales and in Cheshire at heights 
varying up to 1200 and even 1350 feet, the country must have been 
under the sea at least up to these altitudes. Those of an opposite 
opinion, however, urge that in such circumstances it might have been 
expected that there would have been other, clearer and more wide-spread 
evidence of so extensive a general submergence. They therefore look 
upon the marine organisms as having been ploughed out of the sea-floor 
by the ice-sheet. This view. might be accepted as a reasonable explana- 
tion for the phenomena displayed on low plains and maritime tracts. 
But it is ditficult to understand how the ice could climb out of such a 
basin as that of the Irish Sea, and ascend such steep slopes as those of 
the Welsh hills up to a height of at least 1350 feet, or how the great 
northern ice- sheet of Canada could advance from the Arctic Ocean and 
carry up marine organisms to a height of 1900 feet in the valley of the 
Saskatchewan. 

If the inference be accepted to which the evidence of the submerged 
shell-banks and dead littoral Arctic shells on the bed of the North 
Atlantic appears to point, a stupendous subsidence of the lithosphere in 
the northern part of our hemisphere must have occurred since the time of 
maximum, glaciation. The submergence indicated by marine shells i)i 
situ on the land would, on this view, represent only the last part of a 
period of sinking. And if the submarine evidence requires a subsidence 
of perhaps as much as 6000 or 8000 feet, there may be little reason to 
dispute regarding the few hundred feet of difference between the limits 
of submergence adopted by the antagonists above referred to. If ^ve 
confine ourselves to the testimony of marine organisms which lie in 
the positions wherein they lived and died, we obtain a criterion which 
all geologists will accept. >Such a criterion is furnished by stratified 
clays and other sediments which represent sea-bottoms. Deposits of this 
character have l;)een recognised over wide districts of northern Europe and 
Canada. Thus clays, sands, and gravels containing an Arctic fauna are 
abundant all round the coast of Scotland at a height of 100 feet. Some 
deposits wherein the northern shells are evidently in situ as they lived 
and died, arc found up to heights of about 500 feet. There seems 
therefore no reason to doubt that the submergence reached as far as that 
limit ; how much farther it went must remain for the present und.eter- 
rained. From the same kind of evidence, southern Scandinavia is 
believed to have been submerged to a depth of from 600 to nearly 800 
feet. Prof. Brogger has proposed the term “ Christiania period ” to 
denote the time of submergence, which not improbably coincides with 
the “ Champlain period ” of American glacialists.^ 

The cause of submergence has been variously explained. Some 
writers have supposed that the attraction of the vast masses of ice in the 
northern hemisphere caused a rise of the sea-level in these regions (p. 378). 

^ Ojh cit p. 205. 
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Others have suggested that the lojul oi' ice w;is ciiougfi to pres' <h>u‘n the 
underlying part of the terrestrial crust, which on the disappe.'ir.-inei' of ih«* 
Arctic conditions would rise jigainJ A thii*d viinv r(‘g;u’(is tin* iijovcinrnt 
as one of the lithosphere itself. For i*(‘aso!is air<*a(iy assigned 1 reg.’ird 
the last interpretation as most prohahle, though the influence of the ire 
may possibly liaA'c to some slight extemt coni rihuted. '{'he inUahility of 
the surface of the lithos[)liere during Fl(‘isto(a‘ne time is . houtj by the 
fact that sonic ])art of the suhmergiid ground was again rais<*d into drv 
land before the end of tlui (llaeiaJ Fm'iod. W’e knovr, tifo, that in 
post-glacial time some of the Ai-ctic laaids lia.\'e been undergoing an up 
lift, and that the rate of ehivation va,ri(‘.s horizontally.'' 

When the hind once more emerg(‘d from tin* sea, its hicher ground.’, 
continued to he the sea,t of gia.ci(ii's, which, moving over the uilace, n«) 
doubt more or hiss destroyiid the. deposits that would niheru j r ha\«‘ 
remained as witnessiis of the prese.nc(‘ of th(‘ sea, while at the 'ame time 
the great bodies of wat(‘i- di.schargial from the i-etreating gla,eier-. ami 
snow-fields must have dom* much to n‘a,ss(»rt the d(‘tritns on tin* airfare 
of the land, d hat ice continiuid to float about in the seas ot northern 
and north-western Furopii is shown by the striated stonc^i contained in 
the fine clays, and by the rmuarkably contortcci strncturc uha*h thc-c 
clays occasionally display. Siictions maybe seen (as at ( 'rommg u here, 
Uj)on perfectly undisturlxsi horizontal slra-la of efav and and, other 
similar strata have Ixuiti viohmtly cruinphxl, while hori/.oiit.d be(l^: fir 
directly upon them. Tlu'se e()n(ort ions may ha.v»‘ Immui produced b\ thv 
horizontal pressinvi of somii heavy body moving u[>on flic oiuginalh* tlat 
beds, such as ice in tlui form of an ice slnaU- or of large -frandimr ma-a-s 
driven aground in the fjords or shalhnv wafers where the elavs 
accumulated; or possibly, in soim^ ea.S(‘s sheets of ier, laden vvifh fonen 
and earth, sank tind were (tovtuval up with sand and clay, uhirh, tni tlie 
subsequent nKilting of the. 'ut., would sul».sifli* irre-ularlv. Anofler 
indication of the privsmice. of flojiting iei* is furnished b\* lariu’ .eanned 
boulders, lying on tin; straAifiial .samls tunl gra.vels. 'rhoiigh flir.i* Id.ek > 
probably liclong tis a rub; to t.h<* tinn; of the* chief glaciation, fhe\* mav 
ill some cases have been shitted about by lloating i<*e duriirj the iif> 
mergence. 

8 ec 0 11 (I (J I a c i a, t i o n - It eel e\a t i o n i: a i e d lie a <■ h r 
When the land rc-eniergcd, the* t.mnjxu’at uia* all ov(u* eetUral am! noi thern 
Europe was again severe. The m)rth(*rn ice, sheet once more ad^.uirrd 
southwards, Imt did not again attain nearly the same dimendun-.. l-rmn 
the direction of the stria*, it would a.pp(‘ar sometim**^ Im have mom'i! 
differently from its previous course, (x'easimially even a! ri'jhf aiiide- lo 
it. In the basin of the Ikiltic, for (uxample, the laier direefion of tbr n r 
stream appears to have been sout.li-W(*st wards and wegward . Iledue. 
the evidimce of this direction funiis})(*d hy >trial«*«l rock ruiff.-ne-, 

^ This view lia.s been esijee.nilly u.lvoeamd },y Un* ablr Sw*-di li ebuads ! I’.a-m (i. U. , 
JM/. f/eoL Sue. Amer. ni.(l.Sb2,; /Voo Hi A. %x\. , m,;' 

Messrs. Garwood and GrejL'ory, /,>. ./. O'. S. liv. . p. 2.flC Uf- .-jn . dl iO-e mI 

the surface of the litliospljere an* relerred U> nu pj». Z j'- .‘'sr. bUiCu I’ln i n* 
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ahunclant frji.Lmuitits of the fossiliferoiis vSiluruui rocks of Gothland are 
■St rewn over the Germanic plan even as far as Holland. There seems no 
reason to (l()u})t that (hiring this s(icond advance of the ice the Scottish 
ainl Scandinavian ice sliiMits \vei‘e again united over what is now the floor 
of the North Sya,, It was then that the upper houlder-clay of Britain 
vas forim^d. I he glaci(irs of tlui Alps once more marched outwards over 

lower grounds, hut without descending so far as before. Their limits 
art*, Tn;irke<I liy an inrnu* group of moraines. 

From its second maximum the ic(i-sheet gradually shrank backward, 
though prohahly not without o(a;5isional pauses and even advances. As 
it r(>tn!a.ted from tin; lowin’ grounds it lost the aspect of a continuous ice- 
shmtt, a,nd^ when it nmcluHl tlui bases of the mountains it eventually 
stpKU’aled into va,lley-glaci(‘rs radiating from each principal mass of high 
ground. In this (condition also there was probably a long period 
of oscillation, tin* glaciers alternately descending and shrinking back- 
ward, as th(‘.y still (.‘(>ntinue to do, with variations in the seasons, 
hi Britain tlnnu is abundant evidence of this stage in the history 
of tin* ha* .\ge. Tin* Scottish Highlands, being the largest area of 
high gi’ound in the c.ountry, was the chief seat of the ice. Not 
<udy did (‘V(‘rv group of mountains nourish its own glaciers ; even 
small islands, such as .Arran and Hoy, had their snow-fields, whence 
gh‘i(a*(‘rs crept down into tlie valleys ami shed their moraines. It would 
appfCLi* in<h*cd that sonn*. of iluj northern glaciers continued to reach the 
s<‘ade\'cl (^'cn when the hind had there risen to near or quite its present 
(‘h‘va.tion. ( )ii the cast sidc^ of Suthei’landshire, at Brora, and on the 
w'i^st^ side, of Boss sh ir’i*, at Loch Torridon, the moraines descend to the 50- 
f(*(*.t !’a.iscd fjcach ; at t.ln*, h(‘ad of Loch ItrilKdl, they come down to the 
sea ht\(‘.l and cv<‘n (cvicnd undernea.th tlie water, showing that the glacier 
at the h(*ad of that fjord actually [>ushcd its way into “the sea, and no 
doulit calved its icchm’gs ther(.c 

Another proof of tin*, magnitmh*, of some of the ice-streams that fllled 
th(i valleys of the Scottish Highlands during the later stages of the 
C thieia.! B(‘riod is supplit^l by llui proofs that here and there among the 
loftier oi' br<»ad<*r snow fields of the time they accumulated in front of 
latm’al valleys, th<^ draioag(? of whicdi was in conse(|uence ponded back and 
If nub* to flow f;ut in an oj){)osite direction by the rol at the head (p. 543). 
In th(‘S(* natural reservoirs, Uhj level at whicli the water stood for a time 
was marked by a. horizontal ledge or platform, due partly to erosion of 
tin*, hillsidi*, but (’bi(diy to the arrest of the descending d6bris when it 
i*nt(*red the wat(*r. Tin* famous ‘‘ Pamllcl Ihiads of Glen Roy” are 
fainiliar examples, but. other instam'.cs on a gigantic scale have been found 
in tin* north(*i’n L’nitini StaUts aaid (kinada (p. 1343). 

Tln^ gradual retr(*at. of tin*, glaciers towards their parent snow-fields 
is admirably rcv(*aled by tln*.ir moraines, perched Idocks, and rorltes 
The cr<tsc(‘.nt“sliaped morairie-mouuds that lie one liehind 
unotlier may be. fol}ow(*d up a glen, until they finally die out about the 
hm'id, n(*ar wluit must, lia v<i beeai the edge of the snow-field. The highest 
laouinls, being tlni last to Ixi thrown down, are (-iften singularly fresh. 
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The V frequently enclose snia.ll hikes or ])ools of wa,t(ir, whirh hasT not yet 
been filled up with detritus or vei^etation, or lint. [xcUy bottoni;-. wla-re 
the proce.ss ot filling u[) has lK‘.en c.oinpleled. Huge l>h>(*ks home iretin 
the crags above thorn are sti’ewn over tlnese heaps, a, nd siinila.r rrraties 
perched on ice-worn knolls on tln^ sid<‘.s of tint \a,lleys niarl< some of the 
foi’iuer levels of the icte In Britain, t.ln*. Scottish Highlands, tin* stuuliem 
uplands of Scotia, nd, tlui hills of the La.k(‘. Histrict, and ot Nttrth W ale^ 
present adniirahle exani|)l(‘.s of all these t(Mitures. 

On the continent of Hurop(; jilso similar (‘vidfou'e i-emains of the 
gradual retreat of the ice. in nia,ny tracts of high ground glaciers no 
longer exist. In the Vosg(*,s, for (‘.xainph*, tln‘y ha,ve long since lani’-heth 
but fresli nioruines remain tluu'Ci a,s (n idenee of t heir former presjuiei*. '1 he 
Alpine ghiciers ar(‘- the lineal (h‘se(‘nda,nt s of t.hose which Idled up the 
valleys and buried the lowlands of Switzerland and the Lyoiinai-. 

Before the retiring ic(*.-sh(ag, ha<l shrunk into mere \ alley gdaeimv, 
and whihi it still occupi(‘.d pa,rt()f tin* low<‘r ground, there uould doid)fle,>> 
be a copioits discharge of water from itsimdling front. A.-^ the iei^ hail 
overridden the land a,nd buried it.s minor inegualit ie.-, there would he 
great diversity in tluj hoad of the bottom of the j(*e, and consetpienl ly the 
escaping wtiter would a.t first, flow with little i*elation to the pre-ent 
main drainage lines. Str(‘a.ms of watm* might he let loose o\er the 
plateaux: and hilly ridgets as well a.s over the plains, 'riiere enuld 
hardly, therefore, fail to he mmdi rearrangeim‘nl. of the gfujeral eo\eiing 
of detritus left by the ie(*. In the, niont iinportaut valley.-, af-o, in He* 
upper pjLi’t of whicli glaciers still ling<‘.red, tliere would hr a eitpiou- 
di.schargc of water, with tln^ coii.seijuenl sweeping of muefi glacial 
detritus to lower levels. In somi^ rtgions, sueh a.s that of the broad 
strath of the Kivin* S})ey, th(‘r(‘ seimis to have, been a eomhination of ire 
work and river“trans])ort, the. glaeier d(!si*ending in Imeiue.-t into the 
valleys and breaking np into blocks which, during tiine.s of more rapid 
thaw, were swept to lower levtds and i;tra!i<lc*<l on hanks of ddngje and 
sand. Sometimes these icismasses W(‘re of considefahji* :>i/e, and when, 
after they had been surrounded l>v tin* sediment, they eventually inelti’d 
their sites were mtirkcd hy deep k(;tl.l(ehoh*. or cauldron like hollows ifj 
the drift. Successive terra, ctes in th(‘. lltivio glacial drift mark lewl.ofthe 
rivers as the volume of watm- gradually <liminish(*d and tin* eharjnel lui.. 
lowered by the scour of the Ihxxls.* 

To this part of the Ice Age and to tin* result, of the melting ot tin* 
snow-fields, the mas.ses of gravel and sand whic*h over -o imirh f,f 
Northern Europe rest on boiilder-cla.y may with f)roha.bility lx* aitiibufed. 
Among these accumulations are the, sheegs of coarse, well roumled giaiel 
(plateau-gravel), which, with no nmognisahle relation to the pre.-ent 
contours of the ground, a.re spread ove,r the plains a,nd low plafimux, and 
fill up rnaiiy valleys. Thes(j graveds r(;st sometimes on botthler eliy, . um** 
times on solid rock, and ani ohhn- than the lower valhw alluvia. 1'hev 
have evidently not l>ecn formed by any ordinary ri\er arfion, nor i-; it 

^ For an account of tli(i lluvio-glacial il<*]x)sits nf Struth^jM-y ,s<'r l!iu.\ juai;, S'iO,-. ^ 

ProgrenH nf (»eol, Hiirr. 1807 , p, 117 . 
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easy to see how the sea can have been concerned in their formation. 
They are well developed in Norfolk and adjacent tracts of the south-east 
of England, where they consist mainly of well-rounded flints (cannon-shot 
gravel). 

Still more remarkable are the accumulations of sand and gravel 
known as the Kame ” or '‘Esker” series. Covering the lower ground 
in a sporadic manner, often tolerably thick on the plains, these deposits 
rise up to heights of 1000 feet or more. *In some places, they 
cannot be satisfactorily separated from the sands and gravels associated 
with the boulder-clay, in others they seem to merge into the sandy 
deposits of the raised beaches, while in hilly tracts it is sometimes 
hard to distinguish between them and true moraine-stuff. Their most 
remarkable mode of occurrence is when they assume the form of 
mounds and ridges, which run across valleys and plains, along hillsides, 
and even over water-sheds. Frequently these ridges coalesce so as to 
enclose basin-shaped hollows, which arc often occupied l)y tarns. Many 
of the most marked ridges are not more than oO or 60 feet in diameter, 
sloping up to the crest, which may ])e 20 or 30 feet above the plain. A 
single ridge may occasionally be traced in a slightly sinuous course for 
many miles, as in the case of the famous mound which runs across the 
centre of Ireland.^ These lidges, known in Scotland as Karnes, in Ireland 
as Eskers, and in Scandinavia as Osar, consist sometimes of coarse gravel 
or earthy detritus, but more usually of clean, well-stratified sand and 
gravel, the stratification towards the surface corresponding with the 
external slopes of the ground, in .such a manner as to prove that the 
ridges are usually original forms of depo.sit, and not the result of the 
irregular erosion of a general bed of sand and gravel. Some writers 
compared these features to the submarine banks formed in the pathway 
of tidal currents near the shore ; but by general consent this explanation 
has long ])een al^andoned. Geologists are now agreed in regarding 
them as of terrestrial origin, connected in some intimate way with the 
great snow-fields and glaciers. Some observers have referred them to 
the accumulation of detritus in channels or tunnels under the ice.- 
Others have regarded them as due rather to the action of streams which 
flowed at first on the surface of the ice and gradually worked their way 
through it to the bottom.^ Nothing quite like true Karnes has been 
observed along the margins of the Greenland inland ice, where they have 
been diligently looked for. It must be admitted that no wholly satis- 
factory explanation of their mode of formation has yet l}een given. 

Over the tracts from which the ice-sheet retired, lakes are usually 
scattered in large numbers. vSome of these lie in ice -worn basins of 

^ See Sollas, A:L TrauH. Hoy. iJithiin Soc. v. (1896), p. 785, where a map of the Irish 
eskers is given. 

- Til is view is well stated by Prof. Davis, Proc. Boston Soc. Nat. Hist. .xxv. p. 27 S. 

This opinion, stated by Prof. N. H. Wincliell as far liack as 1872 (dav/, Rajj. Geol. 
Survey, Minnesota, 1872, p. 62), has been enforced liy Mr. W. 0. Crosby, whose latest 
presentation of the subject will be found in tlie Americaii Ueologist, vol. xxix. p. 1 (July 
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rock. Where the detritus has Ijeen strewn thickly over the ground, 
however, they rest in hollows of the clay, earth, sand, or gravel. The 
origin of these depressions in the drifts cannot be found in any denuding 
operation since the ice left. They are obviously original features of the 
surface, dating back to the time when the various drifts were laid down. 
In some cases they may be due to irregular deposition of the detritus, 
as where successive moraines are throAvn across a valley. The small 
pools may sometimes have been originated by the melting of portions of 
ice which had become detached from the main mass, and were surrounded 
by or buried under detritus, like the ice-blocks in the fiuvio -glacial series 
above alluded to. Many small rock-basins may have had their place and 
form determined by that prolonged deep subaerial rotting already referred 
to, while others of large size may be referable to underground movements. 
But the glaciers, in smoothing and polishing the rocks, Avore them doAvii 
unequally, hollowing them into rock-basins, leaving them in prominent 
smoothed domes, and cariying the same characteristic sculpture over all 
the durable rocks exposed in the areas of intenser glaciation. 

The emergence of the land in KScandinavia and Britain took place 
interruptedly. During its progress it Avas marked by long pauses Avhen 
the level remained unchanged, Avhen the Avaves and floating ice cut ledges 
along the sea-margin, and Avhen sand and gravel AAmre accumulated 
beloAv high-AA^ater mark in sheltered parts of the coast- line. These 
platforms of erosion and deposit (raised beaches) form conspicuous 
features at successive heights above the present level of the sea (p. 383). 
The coast of Scotland is fringed Avith a succession of them (Fig. 493). 
Those beloAv the level of 100 feet aboA^e the sea are often remarkably 
fresh. The 100-feet terrace forms a Avide plateau in the estuaries, such 
as those of the Forth, Tay, and some of the northern firths. As above 
mentioned, its clays contain an Arctic fauna, Avhich includes the ringed 
seal or floe-rat' hispida), the smallest of the iioav living Arctic seals. 
A terrace at the level of 50 feet is conspicuous also on both sides of 
Scotland, being especially prominent among the Avestern fjords. In 
Scandinavia, especially in the northern parts of Norway, the successive 
pauses in the last uprise of the land are imjmessively revealed by long 
lines of terraces Avhich Avind around the hill-slopes that encircle tlic 
fjords (pp. 384, 386). 

The records of the closing ages of the long and A^aried Glacial Period 
merge insensil3ly into those of later geological times. It is obvious that 
besides the effect of a general change of climate operating over the Avhole 
of the northern hemisphere, Ave must remember the influence Avhich the 
natural features of different countries had upon the climate. From the 
plains, the ice and snoAv Avould retire sooner than from the hills. In fact, 
Ave may regard some parts of Europe as still retaining the conditions of the 
Glacial Peidod, though in diminished intensity, the present glaciers of the 
Alps being, as above remarked, the representatives in continuous succession 
bf the vaster sheets that once descended into the loAvlands on all sides 
from that central elevated region. And even Avhere the ice has long 
since disappeared, there remain, in the living plants and animals of the 
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higher and colder uplands, witnesses to the former severit}?' of the climate. 
As that severity lessened, the Arctic vegetation, that had spread over 
the lower grounds of central and western Europe, was there extirpated 
l)efore the advance of plants loving a milder temperature, which had 
doubtless been natives of Europe before the period of great cold, and 
which were now enabled to reoccupy the sites whence they had l 3 een 
banished. On the higher mountains, where the climate is still not wholly 
uncongenial for them, and likewise here and there at lower levels, colonies 
of the once general iVrctic flora still survive. The Arctic animals have 
also been mostly driven away to their northern homes, or have become 
wholly extinct. But the remains of the Arctic plants and to some extent 
also of the animals occur in the lacustrine clays, peat-mosses, and other 
deposits of the glacial series, even down into the heart of Europe (p. 840). 

It has been forcibly pointed out by Mr. Wallace that the present 
mammalian fauna of the globe presents everywhere ii striking contrast 
to the extraordinary variety and great size of the mammals of the 



Fig. 4l»3.“T(!rrac(!s of erosion, inarkiiij^ aiicneiit shonslines. South coast of Island of Mull. 


Tertiary periods. ‘'We live,” he says, "in a zoologically impoverished 
world, from which all the largest, and fiercest, and strangest forms have 
recently disajipeared.” ^ He connects this remarkable reduction wdth 
the refrigeration of climate during the Glacial Period. The change, to 
whatever cause it may 1)e assigned, is certairdy remarkal'jly persistent 
in the Old World and in the New, and not merely in the temperate and 
northern regions, but even as far south as the southern slopes of the 
Himalaya Mountains. 

The cause of the remarkable change of climate during late Tertiary 
and post-Tertiary time has given rise to much discussion, ]3ut is still with- 
out a completely satisfactory explanation. Some writers have favoured 
the view that there has been a change in the position of the earth’s 
axis (p. 24), or of its centre of gravity (p. 28). Others have 
suggested that the earth may have passed through hot and cold regions 
of space. Others, again, and notably Lyell, have called in the effects 
of stupendous terrestrial changes in the distribution of land and sea, on 
the assumption that elevation of land about the poles must cool the 
temperature of the globe, while elevation round the equator would raise 
it. But the amount of geographical transformation thus involved was 

^ * Geographical I)istril)iition of Auiiiials,’ i. p. 150. Consult also Asa Gray, Eatirrc, 
.xix. p. 327 (363). 
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SO great and the evidence for it appeared to ]>o so slender that zoologists 
generally have been reluctant to accept this explanation. In t in*, dillieult.} 
of accounting for the phenomena l)y any feasi])le operatiini (oi tin* earth 
itself, they by degrees accustoined themselves to tin; Ixdiid that tin* 
cold of the Glacial Period was not due to men; t(;rr(;stria,l changes, hut 
was to be explained somehow as the result ot cosmicaJ ca,uses. 

Sir John Herschel ' had already pointed out tha,t Mn; direct, eflect of 
high condition of eccentricity of the eai'th s oihit is t.o produce an imtisually 
cold winter, followed by a correspondingly hot summer, in tin; hemisphere 
whose w^inter occurs in aphelion, while a,n (;<|uahh‘ condition ol <*limat(* at 
the same time prevails on the opposite hemisphen*. lint as hot h hemi- 
spheres must receive precisely the same a.moutit of solar heat, hecaiis<* 
the deficiency of heat, rcsvdting from the sun’s gre.at-f‘r <listanc(‘ dur’ing 
one part of the year, is exactly com}»ensated ]>y tin* great <;r length ol that 
season, he considered that the dir(;et efie(;ts of (;cc(,;ntrieity innst. thus ht* 
nearly neutralised.'*^ Suhsc(|U(;ntly the (piestion ol t In* <‘fle(‘t.s of ec(M*n 
tricity was taken up hy the late Jaain;s (Iroll, who maiiilained that a. 
series of physical changes on the earth’s surtacc; would result indircetly 
from an increase of eccentricity, and that in this way a, grf;aJ. alt.<*i"ition 
would be effected in the distribution of t.(*.rrest-rial cliina.t cs, Ib* thought 
that with the eccentricity at its su])erior limit- a, ml winter a,t- a{)helion 
the reduction of the midwinter t(.‘mp(;ra,t,ure, would lx* so great lha,t. in 
temperate latitudes the precipitation would take; tin,; loran oi snow ra,thcr 
than rain, that this snow, lying from s(‘ason to season a,nd y<‘a,r to .yitar*, 
would lower the summer hmpicratiire, giving risi; t.o fogs that. \void<l 
intercept the sun’s rays, that the trade winds a, ml consc({in*nt ly tin; ocean 
currents would be wca-keinid or defiec-t-(;d, ami thus t hat, a pcrio<l of cxtrium* 
cold would be introduced all over the nortlH;rn jiai-t of tin; hcniis[)!n‘rc. 
He argued further that thc.se conditions would ev(‘ntiially be shifted to 
the other hemisphere when its winter oecurnxl in ap}n*lion, ami t hat tlicrx; 
would consequently be an alterna.tion hctweim (‘xt.reme (told and p(;rp(‘tual 
summer. In this way he accounted for the <;vi(h;nee furnish(*d by fo.ssil 
plants that the climate of the Arctic ntgions was formerly g(‘nial, ami 
also for the existence of interglacial warm jxti'iods.’* Plntsc vious were 
adopted and enforced with additional arguments hy Sir Ih)b(‘rt. Pally and 
they were widely accepted hy geologists who w(;r(* ghid t.o be put. in 
possession of what they regarded as a ])robabh; solution of difiiculti<;s 
which had so long confronted them. 

But meteorologists and physicists were le.ss confid(;iit of tin; valiu* 
of Croll’s mctho(is and results. Bven in his lifetinn* la* had to 
defend his views from the attack of Professor Simon X(;\v(;om}>,-' 
and since his death they have been dcstructJv(;ly criticiscid by Mr. 

"*■ Trans. Geol. Soc. voL iii. p. 293 (2ufl scries). 

- ‘ Cabinet Cyclopaulia,’ sue. 31 5 ; ‘Outlines of Astronomy,’ sco, 

2 Phil Mag. x.xviii. (1864), p. 121. His detailed resoardies will 1 m* found in his volniue 
‘Climate and Time,’ 1875, and hi.s later work ‘ iJiseussioiis an I'liinaie and ( 'nsinoloyy.’ 

‘The Cause of an Ice Age,’ London 1891. 

See Phil Mag. for 187(), 1883, and 1884. 


SECT, i 1 


PLEIBWCENE OB GLACIAL SERIES 


1327 


E. P. Gulverwcll, who regards them as “a vague speculation, clothed 
indeed with a delusive semhlance- of severe numerical accuracy, hut 
having no foundation in plij^-sical fact, and built up of parts which 
do not dovetail one into the other.” ^ This writer affirms that Crolhs 
fundamental assumption that the midsummer and midwinter temperatures 
are directly proportional to the sun’s heat at those seasons, is not borne 
out by an appeal to ol)servation. At Yakutsk, for example, which may 
be taken as an extreme case of range of temperature, if the excess of its 
midwinter temperature above that of space were due entirely to the 
midwinter sun- heat, then the midsummer temj^erature. also arising 
solely from direct sun-heat, should he 5800^ Fahr. above that of space, 
or if the midsummer excess were due only to the midsummer sun-heat, 
then the midwinter temperature ought to be -228° Fahr, Calculating 
what parallels of latitude now receive the same amount of winter sun- 
heat as the parallels of 40°, 50°, 60°, 70°, 80°, and 90° received during 
a time of high eccentricity when winter occurred in aphelion, Mr. 
Culverwell foiuid that the daily average of sun-heat received during the 
winter of high eccentricity by the parallel of 40° is now received by 
that of 42*2, and that the parallel of 54° at the present time receives 
the same amount as that of 50° did then. He concludes that the 
lowering of the midwinter temperature from lat. 50° N. to 70° jN^., due 
to diminished winter sun-heat in the epoch of great eccentricity, cannot 
have been as much as from 3° to 5° Fahr. Such a small decrease could 
not have been sufficient to produce a glacial period Avithin these latitudes. 
But it is not cerbiin that the midwinter temperature would really fall 
during the epoch of maximum eccentricity. This temperature, in the case 
of the British Isles, depends not on direct sun-heat so much as on the heat 
transported by the Gulf-stream. But during the time of high eccen- 
tricity, the summer temperature of the regions whence that stream 
derives its warmth was greater than it is now, so that it is conceivable 
that, instead of being colder in winter, the British climate may actually 
have been milder than at present. 

Thus the failure of the astronomical theory to afford a solution of the 
problem of the Ice Age has left geologists once more face to face with their 
difficulties. But the quc.stion is so fascinating that it continues to engage 
attention and to suggest speculation. Among the recent attempts to 
deal with it reference may be made here to the hypothesis proposed l)y 
Professor Chamberlin on the basis of variations in the amount of carbon 
dioxide in the air-. Eeference has already (p. 3G) been made to the 
capacity of that gas for absorbing heat and to the effect that might be 
produced on the temperature of the air by even a comparatively small 
increase or diminution in the proportion of the gas. The suggestion is 
that while there is a general tendency to the diminution of that proportion 
there arise from time to time conditions, such as great volcanic discharges, 
whereby much carbonic dioxide is supplied to the atmosphere. On this 
view the Glacial Peifod would mark a time of great depletion of the gas, 
while the Arctic Miocene flora would indicate a time of comparative 
1 Geol. Mag. 1895, pp. 3, 55 ; PhiL Mag. 1894, p. 541. 
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enrichment.^ Other geologists have turned back to the idea of geo- 
graphical changes. That considerable oscillations of the relative levels of 
land and sea took place during the Ice Age has been clearly determined. 
The general result of investigation favours the opinion that the land in 
the early part of that period stood much higher than now over the 
northern regions of Europe and North America. If we accept the con- 
clusions drawn from the prolongation of land-valleys upon the sea-floor 
to a depth of many hundred feet, and from the distribution of dead 
littoral and shallow- water shells down to depths of 6000 or 8000 feet in 
the North Atlantic, we can see that a vast area of high land would, under 
these conditions, have existed. This higher elevation would undoubtedly 
tend to lower the temperature. Some of the upraised parts of the sea- 
floor might deflect warm ocean currents and thus still further increase 
the cold in the higher latitudes. But no' satisfactory attempt has 
yet been made to trace out these changes geographically on actual 
evidence of their having occurred, and to connect them with the 
phenomena of the Pleistocene period.- We must meanwhile suspend 
judgment. Probably no one cause will be found sufficient to explain all 
the difficulties of the problem. But we may hope that from the constant 
and enthusiastic researches in this subject which are in progress over so 
large a portion of the earth’s surface, the. solution will eventually be 
attained. 


§ 2. Local Development. 

Britain.'* — Though the generalised succession of phenomena above given is usually 
observal)le, some variety is traceable in the evidence in different parts of the British 

Junrn. (/eoL v. (1897), p. 653 ; viii. (1900), pp. 545, 667, 752. 

- Some suggestive remarks on this subject by Mr. W. Uphaiii will be found in the 
Appendix to Wright’s ‘Ice Age in North America’ (1889); also in Bull, Geol. Soc. Amer. 
i. (1889) p. 563, x. (1898) p. 5 ; and A wer. (hoi. vi. (1S90), p. 327, xxix. (1902) p. 162. 

** Besides the general works and papers already cited, the following .special papers in the 
(Quarterly Journal of the (Geological Society maybe consulted: Mackintosh, 1882, 

p. 184; T. W. E. David, 1883, p. 39; T. Mellard Keade, liii. (1897), p. 341. Rr.W. 
England, Mackintosh, 1879, p. 425 : 1880, p. 178 ; T. M. Eeade, 1874, p. 27 ; 1883, p. S3 ; 
1SS5, p. 102 ; 1897, p. 341 ; 1898, p. 582 ; A. Strahaii, 1886, p. 369. S.E. England, 
Searles V. Wood, jun., 1880, p. 457 ; 1882, p. 667 ; A. J. Jukes-Brownc, 1879, p. 397 ; 
1883, p. 596 ; Rowe, 1887, p. 351. R'.E. England, G. W. Lamplugh, xlvii. (1891), p. 384 ; 
P. F. Kendall, Iviii. (1902), p. 471 ; A. R. Dw'erryhouse, o'p. cit. p. 572. Scotland (Long 
Island), J. Geikie, xxix. (1873) ; xxxiv. (1878) ; (Shetlands) Peach and Horne, 1879, p. 
778 ; (Orkneys) ISSO, p. 648 ; (Aberdeenshire) T. F. Jamieson, 1882, pp. 145, 160. The 
first detailed account of the Scottish Boulder-clay and later glacial deposits was given by nie 
as far liack as 1863 in the first volume of the Trans, Geol. Soc. (Glasgoia, already cited. The 
student will find a useful digest of the literature for England up to 1887 in Mr. H. B. 
Woodward’s ‘Geology of England and Wales.’ The Memoirs and the Summary of Progress 
of the (Geological Survey contain much local detail on this .subject. Tlie ‘Papers and Notes 
on the Glacial Geology of Great Britain and Ireland’ (1894), by the late PI. Carvill Lewis, 
gives an account of the glaciation as seen by the eye of an American glaeialist. Mr. W. 
Jerome Harrison’s “ BibliograiDhy of Midland Glaciology,” Proc. Birminghani Nat. Hist. 
Phil. Soc. ix. (1895), will Im found of great service for the Midlands. 
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area. In Scotland, where the ground is generally more elevated, and where snow and 
ice were most abundant, the phenomena of glaciation reached their maximum develoii- 
meiit. Striic are preserved on rock-surfaces at heights of more tlian 3000 feet in the 
north-west Higlilaiids, and as the fjords and sea outside are in places more than 100- 
fathoms deep, the total thickness of ice in that region may have reached 5000 feet. In 
the high grounds of England, Wales, and Ireland there was likewise extensive accumula- 
tion of ice. The ice-worn rocks of the low grounds are usually covered with boulder- 
clay, wliich in Scotland is interstratified with beds of sand, fine clay, and peat, and has 
yielded marine organisms in the lowland districts up to a height of 1061 feet. In 
England, marine shells and foi’aniinifera, usually fragmentary, occur in the Ijoulder-clays 
both in the eastern and western counties. The ice-sheet no doubt ])assed over some 
parts of the sea-bottom, and ground up the shell-hanks that happened to lie in its way, 
as has happened, for exani[)le, in Caitliiiess, Holderness, East Anglia, and throughout 
the basin of the Irish Sea, where the shells in the houlder-clay are fragmentary, and 
sometimes ice-striated. Tlie “Bridlington Crag” of Yorkshire, according to Messrs. 
Sorhy, Lamplugh, ami Reid, is a large fragment torn IVom a submarine shell-clay, and 
inihediled in the bouhler-elay.^ Its shells are strikingly Arctic. 

The depth, extent, and movements of the great ice-sheet which covered Britain have 
l)een indicated in the foregoing pages. The proofs of the former presemm of the icc are 
scattered abundantly over the country north of a lino drawn from the Bristol Channel tO' 
the estuary of the Thames. South of that line the ground is free from boulder-clay, 
thougli various deposits, possibly of contemporary date, serve to indicate that, thoiigli not 
buried under ice, this southern fringe of England had its own glacial conditions.- Among 
these is the “ Coomlie-rock ” of Su.sse.x — a mass of unstratified riilibish which has been 
referred liy Mr. C. Reid to the action of lieavy summer rains at a time wlien the ground 
a little below the surface was permanently frozen. In the glaciated tract one of the most 
striking features in showing the Orcenland-like massiveness of the ice-sheet is furnished 
by the south of Irelafid, where the liills of Cork and Kerry . have been ground smooth 
and striated down to the sea, and even under sea-level, detached islets appearing as 
well ice-rounded rocJu’n •nundonn.des. There can he no doubt from this evidence that 
even in the south of Ireland the ice-sheet continued to he so massive that it went out to 
sea as a great wall of ice, probably breaking off there in iceliergs. 

The records of the submersion of Ih’itaiii are probably very incomplete. If wc rely 
only on the evidence of iin transported marine shells, we obtain the lowest limit of 
depression. But, as above remarked, the mere presence of marine organisms cannot 
always he accepted as conclusive. The renewed ice and snow, after re-elevation, may 
well have destroyed most of the shell-bed.s, and their destruction would he most com- 
plete whei'c the snow-lields and glaciers were most extensive. Beds of sand ami 
gravel with recent sliells have been observed on Moel Tryfaen, in Norili Wales, at a 
height of 1350 feet, but the shells are broken and show such a curious commingling 
of species as to indicate that they are jirobably not really in place.'^ In Chesliire marine 
shells occur at 1200 feet. In Scotland they were said to have been obtained at 524 feet 
in the boulder-clay of Lanarkshire ; but an examination of the locality by a Committee of 
the British Association has failed to discover any proof of the existence of shells there.''' 
On the other hand, the same Committee re})orted tliat at Clava, near Inverness, a shell- 
bearing clay contains abundant foramiiiifera and mollusks, including Arctic forms 
{NucuUmit [Le(l(t]periivl(i; Nucnlana tennis \ Jjcd(i pj(pn€ea\ Tdlbia [Maconut] calcctrea, 

^ Larnidugh, Q. J. (I S. xl. (18S4), p. 312. C. Reid, “Geology of Holderness,” in Mem. 
Ueol. Surrey. 

- C. Reid, C- J. a. S. xUii. (18(87), p. 364. 

^ See T. Mellard Reade, Froe. Liverjwol Ueol. Soc. 1893, p. 36 ; Report of a Committee 
on Moel Tryfaen, Brit. .I.s'.vor. 1899, with a goo<l bibliography of the locality. 

4 Brit. Aiwer. 1894. 
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Naticct ‘-palUdci {(jYmilaiiiUca?^ and otliers still common in Britisli seas. The con- 
dition of these remains indicates that they probably lived and died on the spot, 
which is 500 feet above sea-level, and that the siibinergeiice amounted at least to 
that extent.^ Siibseipient elevation of the land has brought uj) within tide-marks 
some of the clays dejiosited over deeper parts of the sea- floor during tlie time of 
the submergence. In the Clinic basin and in some of the western fjords, these clays 
(Clyde Beds) are full of foraniinifera and shells which are unquestionably in their 
original positions. Comparing the species with those of the adjacent sea.s, we find them 
to be more boreal in character ; although nearly the whole of the species still live in 
Scottish seas, a few are extremely rare. Some of the more characteristic northern shells 
in these deposits are Fectcn islandicus, Tcllina {Macoma) calcarea, Rorllandid glacialiH 
{Lcda truncfda), Yoldia {Lcda) lanceolata^ Portlandia {Yoldia) arctica^ Saxicavci rugosa, 



Fig. 404. —Group of Shells from the Scottish Glacijil Beds, 
n, Pecten (Clilauiys) islandicus, Milll. (A); h, Portlandia },dacialis, Gray (1); c, Yoldia lanceolata, Sow. 
(i); tl, Telliiia (Macoiua) calcarea=:iata, Ginelin (.V) ; e, fSaxicava rujgosa, Linn. (;}) ; /, Natica aflinis, 
Gnielin ( = clausa, Brod, and Sow.) (0 ; (j, Troidion scalarif<jrmis, Gould (T. clathratus) (I). 


Panopmi norvegica, Trophoii scalariformis {2\ claihratiis), and Natica ajinis {clausa) 
('Fig. 494). The clays in which these organisms lie are often e.vceedingly line and 
unctuous, with occasional stones (sometimes striated) scattered through them. This 
material has probably been a glaeier-mud ; and the stones have been floated off on ice- 
rafts. 

Of the later stages of the Glacial Period, the records are much the same all over 
Britain, allowance being made for the greater cold and longer lingering of the glaciers 
in the north than in the south, and among the hills than on the plains. 

In Scotland the following may be taken as the average succe.ssioii of glacial jdieno- 
niena in descending order : — 

Last traces of glaciens, small moraines at the foot of corries among the higher 
mountain groups. The glaciers lingered louge.st among the higher niountaiiis of 
the north-we.st (Highlands, Southern Uplands, and detaclied islands, such as 
xVrran, Skye, Hoy, Harri.s, &c.). 


^ Oj). cit. 189^1; see also the Committeehs Report for 1896. which contains an account 
of the shell-beds of Cantyre, Argyllshire, at heights varying up to about 200 feet. 
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Marine terraces (50 feet and higher). Clay-beds of the Arctic sea-bottom (Clyde 
Beds) containing nortlieni mollusks. The highest well-marked and persistent 
marine terrace proves a submergence of at least 100 feet beneath the present level 
of the land, and its organic remains tell that the climate was still Arctic. 

Large moraines, showing that after the re-emergence of the land glaciers descended 
to the line of the present sea-level in the north-west of Scotland. Some of the 
moraines rest upon the 50-feet marine terrace. 

Erratic blocks, chiefly transported by the first ice-sheet, but 2 )artly also by the later 
glaciers, and partly by floating ice during the i)eriod of submergence. 

Sands and Gravels — Kame or Ksker series, sometimes containing terrestrial organ- 
isms, sometimes marine shells. 

Upper Boulder-clay — rudely stratified clays with sands and gravels ; the stones 
almost wholly from the rocks of the country, but sometimes (Ijasin of Forth) 
including 2 )ieces of chalk and flint. 

Till or Lower Boulder-clay (bottom moraine of the ice-sheet) — a stiff stony un- 
stratified clay, varying up to 150 feet or more in thickness. Its contained 
Tjoulders and pebbles are native to the country, and can usually be assigned to 
their source. It includes bands of fine sand, finely laminated clays, occasional 
layers of peat and teri'estrial vegetation, with bones of mammoth and reindeer ; 
also on the lower grounds and up to heights of 1300 feet or more, dispersed fora- 
minifera together with fragmentary Arctic and boreal marine .shells, which occur 
both ill the till and in intercalated layers of laminated clay and sand. The till 
s})rcads over the lower grounds, often taking the form of ridges or drums 
(druinlins), which rim on the whole in the lines of chief glaciation. 

Ice- worn rock surfaces. 

Over a great part of England and Ireland the drift deposits are capable of sub- 
division as follows : — 

4. Moraines (North Wales, Lake District, &c.) and youngest raised beaches.^ 

3. Up])er Boulder-clay — a stiff stony clay or loam with ice- worn stones and inter- 
calations of sand, gravel, or .silt. It occasionally contains marine .shells. It 
])Ossibly does not come south of the Wa.sh. 

2. Middle Sands and Gravels, coutaining marine shells. At Macclesfield (1200 feet 
above the sea) there have been found Mcrc.lrix ckione^ (JardiAUn rusticum, 

A rea {Jhirhatia) ladca, Tdlhia {Macouta) })althlca, (Jjiprina idaudica^ Astarte 
hormlis, and otlier shells now living in the seas around Britain, but indicating 
IKivliaps by their grou])itig a rather colder climate than the jmesent. Corhicula 
/lumi.iudis abtiiimls in some gravels which underlie the upper houlder-clay. 
South of the Wash it is found in similar deposits overlying the lower or 
“clialky l)oulder-(day.” - la Ireland marine shells of living British .species 
occur at heights of 1300 feet above the sea.'‘ 

L Lower Boulder-clay — a stiff clayey dejmsit stuck full of ice-woni blocks, and 
equivalent to tlie Till of Scotland. On the ea.st coast of England (Holderness, 
Lincoln, and Norfolk) it contains fragments of Scandinavian rocks ; in par- 
ticular, gneis.s, mica-scliist, quartzite, gmanite, syenite, rhombenporiihyr ; also 
pie(;es of red and black flint, i^robably from Denmark, and of Carlioniferoiis 
limestone and sandstone, which have doubtless travelled from the iiortli.*^ 
Along the Norfolk cliffs it presents stratified intercalations of gravel and 
sand, which have been extraordinarily contorted. As in Scotlaml, the true 
lower Ijoulder-clay in the north of England and Ireland is often arranged in 
])arallel ridges or drums in the prevalent line of ice-movement. As above 
nieiitioned, the “crag” of Bridlington, Yorkshire, is ju-obably a fragment of 
an old marine glacial shell -hearing clay, torn up ami imbedded in the boulder- 

In Gower, South Wales, Mr. Tiddemau has shown that the raised beach there is over- 
spread with various glacial dejiosits, Mag. 1900, pp. 440, 528. 

- On this characteristic form of till, see H. B. Woodward, GeoL Mag. 1897, p. 485. 

On the Irish sliell-bearing drifts (“manure gi’avels of Wexford”) see Reports of Com- 
mittee ; Brit. M.vwr. 1887-1890; W. J. Sollas and R. L. Praeger, Irish Nainralist, iii. 
(1894), pp. 17, 161, 194 ; iv. (1895), p. 321 ; T. Mellard Reade, Proc. LirerpooL deol. Soc. 

1893-94. « 

V. Madsen, Q. d. d. S. xlix. (1893), p. 114. 
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clay of the first ice-sheet. The Arctic* fresh-water bed (p. 128S) may be inter- 
calated here. 

The southern limit of the ice has been already mentioned (p. 130o). No ‘"■terminal 
moraine ” has been observed, the ground to the .south of tlie ice-limit being free 
from glaciation, though erratic blocks, probably brought by drift-ice, are i'ouiid 
on the Sussex coast. ^ The Coombe-rock lies outside the limits of the ice-.sheet. 

Deep superficial accumulations of rotted rock occur vvliere the rock has decom- 
posed in situ in the southern non-glaciated region, as may be well .seen over 
the Palmozoic slates and granites of Devon and Cornwall. Iii tlie non- 
glaciated Chalk districts, a tliick cover of Hints and red earth partly represent.s 
the insoluble parts of the chalk that remain after prolonged subaerial decay, 
l)ut from the frecpient presence of fragments of quartz, which does not occur 
in the chalk, this mantle, of “clay with flints” seems to indicate also a 
certain amount of transport. The higli moorlands of eastern Yorkshire aiRieai’ 
to have risen as an insular tract above the ice-.sheet ; for the boulder-clay 
advances up the valleys that indent the northern face of the Jurassic table- 
land, but ceases at a height of about 800 feet, and the table-land itself is entirely 
free of drift, but its rocks are much decayed at the .surface. Mr. Kendall has 
traced the existence of a .system of glacier lakes in this district caused by the 
ponding of the inland drainage against the front of the ice-.sheet. “ 

Scandinavia and Finland.^ — The order of Pleistocene ])henomena is generally the 
same here as in Britain. The surface of the country has been -everywhere intensely 
glaciated, and, as already stated, the iee-strhe and tran.sported stones show that the 
great ice-sheet probably exceeded 5000 feet in tliickne.ss, for the hills are ice-worn for 
more than that height above sea-level. Moving outwards from the axis of the peninsula 
the ice passed down the western fjords into the Atlantic, southwards and south-eastwards 
into the Biilf of Bothnia, across Fiiihiiul and the basin of the Baltic into Kussia, 
Northern Germany, Denmark and Holland, and south-we.stwards into the hollow of the 
North Sea, which it crossed to the .south-east of England. Be.sides the ordinary morainic 
materials left behind on the melting of the ice, a marked deposit is that of the terminal 
moraines (IlYs) which have been traced across the south of Norway aud Sweden, and 
which reappear and run completely across the southern part of Finland. These huge 
persistent mouuds of glacial ruhl;)ish follow' each other at variable distances in roughly 
parallel lines, which mark successive pauses in the shrinking of the ie(?-.shc(?t. There is 
evidence also of the retreat of the ice from some parts of the country while it still covered 
adjoining tracts and ponded back tlie drainage, thus giving rise to glacial lakes. The 
margins of these vanished .sheets of water can be traced in lines of “ parallel road-s.”"^ 

^ C. Reid, Q. J. (L S. xlviii. (1892), p. 344 ; xlix. p. 325. 

- Q. J. a. S. Iviii. (1902). In this paper the movements of the several ice-streams w'hich 
united to form the great ice-sheet of England are di.scu.ssed. 

^ The glacial literature of this region is now abundant. Among tlie later witters may be 
mentioned J. Ailio, G. Anderssoii, H. Berghell, W. C. Brdgger, G. de Geer, 0. Gumaelius, 
A. M. Hansen, H. Hedstrbm, A. Hollender, G. Hogborn, J. H. Holinberg, N. 0. Holst, J. C. 
Moberg, H. Munthe, W. Ram.say, H. Reusch, J. J. Sederholm, A. E. Tdriiebolim. Nunieroii.s 
contributions from the.se and other w'riters have appeared in Fennia, the (ieol. Foren. 
Stockhohii, and the papers of the Sw'edi.sh, Norwegian, and Finland Geological Survey.s. A 
general re.sume of the subject with special reference to Sweden will be found in Nathor.st’.s 
‘ Sverige.s Geologi.’ A brief notice of the glacial history of Finland is sujiplied by Sederholm 
in the Text accompanying the ‘Atlas de Fiiilande,’ publhshed in 1899, and an excellent 
account of the glacial phenomena of the Kola peninsula between the Arctic Ocean and the 
White Sea is given by W. Ram.say in Fennia, X'vi. No. 1 (1898). The later glacial pheiionieiia 
of Southern Norway are treated in ample detail and with conspicuous acumen by Brdgger in 
the important moiiograpli already cited. Col. H. W. Fieldeii has described the glacial 
geology of Arctic Europe and its islaiid.s in J. (>. S. lii. (1896), pp. 52, 721. 

^ A remarkable example of this feature has been described from Central Jemtland in 
Sweden by Gunnar Anderssoii, wdiere, liy the persistence of the Botlinian ice-.sheet, while the 


SECT, i ^ 2 


PLEISTOCENE OR GLACIAL SERIES 


1333 


After the niaximinn exteii.sion of tlie glaciation, a general subsidence of the region 
took place, and the lowei' grounds Avere .submerged. At the time of the greatest spread of 
the sea (which at Christiania is indicated by a boundary line at 216 metres, pointing to 
a maximum submergence of about 700 feet), an o])eii sound connected the Skager Rak 
across Sweden with the Gulf of Bothnia, which then covered most of Finland, and was 
connected by a narrow strait Avitli the White Sea. At this time the Yoldla-alsiy was 
accumulated, in whicli twenty-four species of .shells have been found, ofwhicli six do 
not now live in Scandinavian waters, but still exist in the Kara Sea, viz. Fortlandia 
arcfica,, Yoldut hyperhorea^ Sqjho toycUus, S. hrfivisplra, Bu.ccinum ie'rras,-noVcB, and 
Ncptimea daiscl iratn ; while eight (including Pecten 'Rlandicus, Natlca affinis or clausa, 
and Troplion /ri/iicatus) have disappeared from the southern parts of the country, but 
are still found in the Arctic ])art of the coast. Profe.ssor Briigger has .shown that 
this clay is only found outside the great terminal moraine ridge or ra, a circum- 
stance winch indicates that the ice -.sheet there still de.scended to the sea and 
kept the ground inside from being submerged under salt water. As already stated, 
he notices the occurrence of the .shallow -water fauna of the Yuldia-A&y at great 
depths in the Norwi^gian seas, and believes that it points to the probability of the land 
having stood, at the time of the great iee-.sheet, at least 2600 metres higher than it does 
now. Above the Yoldda-vAny comes the yivm-clay, in the oldest part of which the shells 
are .still Arcdii;, but in the youngest ])art {ToHlcmd if c-Aiy, Mya-hnuks) half are boreal, 
with a trace of the advent of southern forms. In the overlying J/ytilus-chiy and 
Cardiuiji<Aiiy the }n’ 0 ])ortiGn of Arctic forms falls to a third or a quarter, Avhile the 
boreal forms increase to a half of the whole, with from an eiglith to a fourth of Ijusitanian 
forms. Successive stages in the uprise of the land arc marked by the raised beaches, to 
which reference has alr(3ady been made. 

One of the most remarkal)le features of the period which succeeded the submergence 
of Scandinavia was the conversion of the wide l)a.sin of the Baltic, Gulf of Bothnia and 
Gulf of Finland into a vast 'iee-dammed lake or inland fresli-water sea, having an area 
whi(di has been estimated by De Geer at 570,000 stpiare kilometres, that is, about as large 
as the CaspiiMi Sea, Lake Superior, and Lake Michigan all joined into one. The records 
of this vast ex])a,ns(3 of fresh watei* are to be seen in sheets of clay and sand found at 
many places all round the (masts up to lieights of more tlian 100 feet above the present 
sea-level. Thes(5 deposits contain lacustrine shells {Limucaa ovata, L. palnstris, Planorhis 
contortus, P. ■niaiujiwd.u.s. Valval a cristala, Bithinia tcuiac'idata, Pisidium, several species, 
and especially the little limpet-like Aiunjliis fliirdatiUs), and have received the name of 
Anqjlus-y,\'o\\i). 

Interesting evidence of tin.*, gradual disap])earance of the Arctic climate is supplied 
by the ohhir parts ol’ the ])cat-mo.sses, where such plants as Sali.v polaris and Betiila nmia, 
and the I’emains of the little Arctic phyllopod crustacean Apus ylaclcdis ai-e preserved, 
while the deposits of calc-sinter have yielded leaves of liazel and other plants of a 
less northern type. AVliile these climatal changes were in progress the general level 
of the region, which at the time of the Ancylus-saii was higher than at present, began 
once more to .sink until the maritime low grounds all round Scandinavia, Finland, and 
Estlionia' Averc suhrrierged. There were then deposited the clays and sands which 
have received the name of the Littorina-gvowp, from the common gasteropods in them 
{Littoriua lUarea, L. rvdls, Cardimii rdulc, Mytiliis rjlulis). A subsequent movement of 
elevation has brought the laud up to its pre.seiit piosition.^ 

ground to the Avest was clear (jf ice, the driiiuage of the valleys Avas dammed uj-), and a large 
lake Avas formed Avdiicli for a time increased in size as the ice shrank and laid bare more 
ground. The successive .stages in the development and diminution of the lake can still he 
made out. ‘‘Deu centralJiLiiitska Issj(iii,” Yuur, 1897, FI. 1, p. 42. 

^ A valuable contribution to the discii.s.sion of the extent and amount of the submergence 
of Southern Finland in the Yoldia and Littoriua seas has l)eeii made by H. Berghell of the 
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Germany.^ — Since the year 1S7S aii active exploration of the earlier memorials of 
the Glacial Period has been carried on in Northern Germany, with the result of bringing 
out more clearly the evidence for the }>rolongatioii of the Scandinavian and Firdand ice 
across the Baltic and the plains of Germany even into Saxony. The limits reached by 
the ice are approximately fixed by the line to which northern erratics can be traced. 
Beneath the oldest members of the glacial drifts, deposits are found in a fragmentary 
condition containing shells now living only in Southern Eurox)e, such as Viviparus 
diluviana and Corhicula> JluminaUs. Above the glaciated rocks comes a stiff, 
unstratifieil clay, with ice-striated blocks of northern origin — the till or boulder- 
clay (Gesehiebelehm, Blocklehm). Two distinct boulder-clays have been recognised 
— the older or till separated by interglacial dejiosits from tlie newer. Terminal 
moraines marking the limits of the ice-sheet have been found in the form of ramparts 
of Scandinavian blocks and gravel, which liave been traced for many miles along the 
coast-line and across the plains of Northern Germany.- The sources of the various 
ice-streams which united to form the great ice-sheet that crept over the Germanic plain 
are well shown by a study of the stones in the moraine material. The Scandinavian 
rocks are found towards the'west and the Finnish towards the east of the glaciated area. 
Successive pauses in the retreat of the ice-sheet have been recognised in the boulder- 
ramparts, in belts of mounds that w'ere formed at the melting edge of the ice, and in 
the sheets of sand and gravel spread out beyond. At the soiitliern edg(^ of the 
northern drift at Deuben, a little south from Dresden, remains of an Arctic iiora have 
been found, comprising leaves of SalLc licrhacea^ S. reliisa, PolygonKm viriparnm, 
Saxifraga opp)odtifoUa, S. hircuhiSy remains of Carices and mosses with Sucemea 
ohlonga and fragments of beetles.-* Among the intercalated materials that separate the 
two boulder-clays are layers of peat, with remains of pine, Hr, aspen, willow, white 
birch, hazel, hornbeam, ]) 0 [)lar, holly, oak, juniper, ilex, and various water-plants, in 
particular a water-lily no longer living in Europe. With this vegetation are associated 
remains of ElepJias antiqmis, mammoth, rhinoceros, elk, megaceros, reindeer, musk-sheep, 
bison, bear, &c. Some of the interglacial deposits arc of marine origin on the lower 
grounds bordering the Baltic, for they contain Cgprbut idandica^ Portlamliit arctica, 
Tellina [Mamna) haU'hica {solidula), Lc. Among the youngest glacdal, and probably 
in part interglacial, deposits are the upper sands and gravels (Gestdiieliedecksand), 
which spread over wide areas of the Germanic plain, partly as a more or less uniform 
but discontinuous sheet, and partly as irregular hillocks and ridges strewn with erratic 


Finnish Geological Survey (“Bidrag till Kiiimedomen om sudra Finlands kvartiira Niva- 
foriindringar,” Helsiiigsfors, 1896). He shows how from zero at St. Peterslmrg the depression 
progressively increased towards the north-west. 

^ There is now an ample though recent literature devoted to the glacial phenomena of 
Germany. The volumes of the Zelt.sc/t. Dcidsch. (fCn/. <>('Hdfsc.haJ't for 1879 and siilisequent 
years contain papers by G. Berendt, H. Crediier, J. E. Geinitz, A. Helland, K. Keilhack, 
F. Noetling, A. Peiicdv, lb Richter, F. Wahnschaffe, F. Schmidt, &c. See also the JdJirh. 
Preuss. (ied. Landemndalt for 1880 and following years ; the Maps and Explanations of the 
same Survey for the neighbourhood of Berlin (27 sheets) and the memoirs of tlie Geological 
Survey of Saxony. The work of Dr. Keilhack is specially worthy of the attention of the 
student, particularly the papers in </■«//?•/>. Freutis. (ieol. LaiulminsL from 1889 onwards, 

- G. Berendt, Jahrh. Preuss. deol. Landesanst. 1888, p. 110 ; K. Keilhack, oj). ('if. 1889, 
p. 149. 

Dr. Keilhack has traced what he believes to be five distinct stages in the backward 
shrinkage of the ice during tlie last of the three glacial epochs into whicdi he divides 
the whole Ice Age, Jahrh. Preuss. Oeol. Landesanst. 1898, p. 90. The end-moraines of 
Schleswig Holstein are described by C. Gottsclie, Mitth. (ktigraqdi. (tes. llamlnarg, xiii. xiv. 
(1897-98), who gives lists of the shells from the marine diluvium. 

^ A. G. Nathorst, Ofver. Vet. Akad. Forhandl. Stockholm, 1894. 
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blocks, and enclosing pools of water and peat-bogs. These momuls and ridges, with 
their accompanying sheets of water, form a conspicuous feature of the low tract of 
country from Schleswig Holstein^ eastwards to the Vistula. 

In some of the mountain groups of Germany there is evidence that probably at the 
height of the Ice Age glaciers existed. Reference has already been made to the moraine 
mounds of the Vosges- aiid Black Forest/’ and to the fact that the glaciers of the 
western hill-groups were more extensive than those to the east. In the Carpathian 
range, a series of inoi-aines, sometimes enclosing lakes, is distributed in the valleys that 
radiate from the Hohe Tatra. On both sides of the Rie.sengebirge, moraines occur. 
At the sources of the Lomnitz, on the southern side, they enclose two lakes at the foot 
of high recesses and cliffs.''' No certain traces of glaciers appear to have been met '^dth 
in the eastern part of the Sudeten range, nor in the Erzgebirge or Thnringerwald. 
Farther north, in the Harz, mounds of detritus which resemble moraines have been 
referred by Kayser to glacier-action.^' The German Alps and the Bavarian plateau bear 
witness to the former greater extent of the still remaining glaciers, and to the spread 
of the ice across wide tracts from which it has long retreated." The chain of the 
Carpathians was likewise a distinct glacier centre.^ 

France, Pyrenees. — As France lay to the south of the northern ice-sheet, the true 
till or boulder-clay is there absent, as it is for the same reason from the south of 
England. It is consequently dillicult to decide which superficial accumulations are 
really contemporary with tliose termed older glacial farther north, and which ought to 
be grouped as of later date. The ordinary sedimentation in the non-glaciated area not 
liaviiig been interrupted by the invasion of the ice-sheet, deposits of pre-glacial, glacial, 
and post-glacial time naturally pass insensibly into each other. The older Pleistocene 
deposits (perha])S interglacial) consist of fluviatile gravels and clays which, in their com- 
position, -belong to the drainage .systems in which they occur. There is generally no 
evidence of transport from a great distance, though, in the Champ de Mars at Paris, 
blocks of sandstone and conglomerate nearly a yard long sometimes occur, as well as 
small pieces of the gra,nulitc of the Morvan, Erratics at Calais and on the coast of 
Britanny may also have been carried (i long way.*^ The rivers, however, were probably 
much larger during some ])art of the Pleistocene period than they now are, and the 
transport of their stones may have l)een sometimes effected by floating ice, as has been 
forcibly shown by Professor Barrois in reference to the old gravels of brittany.^'^ They 
have left their ancient platforms of alluvinm in successive terraces high above the 
present watercourses. Kacdi terrace consists generally of the following succession of 
deposits in ascending order : — (1) A lower gravel {{/ravur cUfond), the pebldes of wliich 
are coarsest towards the bottom and are interstratified with layers of .sand, sometimes 

^ The glaeial jdieiionieiia of Denmark and Schleswig Holstein are diseu.ssed by Gottsclie 
ill the series of ])up{‘i's cited above ; by V. Madsen in the. Exfilaiiatory Memoirs to accompany 
the sheets of the Geological Survey map of Denmark. The Juras.sic, Neocomian and Gault 
boulders found in Demriark are discussed by Miss Skeat and V. M.adsen in No. 8 of the 
second .series of these Explanations (1808). 

“ li. Hogard, ‘Terrain erratique des Vosges,’ 1851. A. Delebecque, ‘"Systenie glaciaire 
des Vosges Framydses,” JhdL (JarU deal. France^ No. 79 (1901). 

•* J. Pnrtsch, ‘Gletscher dcr Vorzeit in der Karpatheii uiid der IMittelgebirgeu Deutsch- 
land.s,’ Breslau, 1882, p. 115. 

Partsch, wp. cit. p. 9. 

® Ibid. p. 55. 

Lossen and Kayser, Z. JJ. d. d. xxxiii. (1881). 

" A. Penck, ‘ Vergletscheruiig der Deutscheii Alpeii,’ 1882. 

^ J. Partsch, ‘ Die Gletscher der Vorzeit.’ 

Ch. Velain, Bull. Soc. dk>l. France, xiv. (1886), p. 569 
Ann. Soc. deal. Xord, iv. (1877), p- 186. 
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inclined aiul contorted. (2) Grey sandy loam {sable (jras). (3) The foregoing strata 
are covered by yellow calcareous loess, or with an overlying dark ])rown loam or 
brick-earth. The upper exposed parts of the gravels and sands are commonly well 
oxidised, and present a yellowish-brown or deep reddish-brown tint, while the lower 
portions remain more or less grey. Hence the old names cUluviiDu grls and diluvium 
rouge. The gravels and brick-earths have yielded terrestrial and fresh -water shells, 
most of which ai-e of still living species, and numerous mammalian bones, among which 
are Rhinoceros antiqnUatis {t ichor hinus), R. ctr-meus, R. le^iorliimis, Ilipqwpota.mus 
amphibius, Elephas anliquus, E. pu'imkjenius., wild boar, stag, roe, ibex, Canadian elk, 
musk-sheep, urns, beaver, cave-bear, wolf, fox, cave-hymna, and cave-lion. Pakeolithic 
implements found in the same deposits show that man was a contemporary of these 
animals (see p. 1355).^ Even as far south as Charente from fissures in a Cretaceous 
limestone remains of a fauna with northern species have been obtained, including 
Arctornys viamiolta, Aqm'uiophilus 7'v/cscens, Leqnis variahilis, Miemotus {Arvicola) 
amphibius, M. rutticcqis, Canis vulpcs, C. lagopns, C. lupus, Hyivna, crocuta, Miislela 
putorius, Felis ho (speieea), Eqmis cabcdlus, Bison prisms (?), and Rangifer {Cervus) 
tarandus.- In the south-west of. France the arctic fox has also been obtained, together 
with the musk -sheep. 

It is in the centre and east of France that the most unequivocal signs of the ice of 
the Glacial Period are to be met with. The mountain groups of Auvergm^, which even 
now show deep rifts of snow in summer, liad their glaciers whereby the solid rocks were 
smoothed, ])olished and striated, and moraine heaps with large blocks of rock were 
strewn over the valleys ; not only so, but there is evidence in that region of a retreat 
and redescent of the ice, for above the older moraines lie interglacial de})osits contain- 
ing abundant remains of 'land-plants, with bones of ElepJuts meriAioualis, RJiinoceros 
leptorhiiius, &c., the whole being covered by newer moraines. 

The much lower grounds of the I^yonnais and Beaujolais (rising to more than 3000 
feet) likewise supported inde])endent .snowfields."' The glacier' of the Rhone and its 
tributaries at the time of the maximum glaciation was so gigantic as to iill up the 
hollow of tlie Lake of Geneva and the vast plain between the Bernese Oberland and the 
Jura. It crossed the Jui'a and advanced to near Besaiicon. It swept down the valley 
below Geneva, and then, joined by its tributaries, spread out over the lower hills and 
jdains until the whole region from Bourg to Grenoble was buried under ice. The 
evidence of this great extension is fui-nished Iry rock-sti-iie, transported blocks, and 
moraine stuff. ^ 

The chain of the Pyrenees nourished along its whole length an important tract of 
snowfield, whence glaciers descended all the main valleys and there shed their moraines.'* 
The phenomena are quite com})arable to those of the Alps or the more northerly gi'oujis 
of mountains. It would a])pear that even as far soutli as the Serra da Estrella of 


^ A detailed study of the Quaternary deposits of the north of France has been made by 
J. Ladriere, who divides them into three stages, each marked olf by a gravelly layer at the 
laise and terminating aljove in a loam with tei-restrial vegetation and fresh-water and terres- 
trial shells. . The lowest is the assise with Elephas grrimigenius and Rhinoceros t ichor] t in us, 
A nn. Sor. (hoi. JSford, xviii. (1890), p. 93. 

- M. Bonle and G. Cliauvet, Compjt. rend. May 1899. 

Julien, ‘Bes Pheiiomeiies glaeiaires dans le Plateau central de la France,’ 1869; 
Rames, B. S. (I. F. 1884. A clear summary of the glaciation of Auvergne is given by M.. 
Boule in the A miales de (hographie, 15th April 1896. 

Falsan and Cliantre, ‘Aiicieus Glaciers,’ ii. p. 384. 

-'* Falsan and Cliantre, op. cit. 

® Seethe account given by Dr. Penck in the Mitt. Ver. Mrdkunde Leipzig, 1883, with a 
bibliography up to that date. 
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Portugal, wliicli in lat. 40*15 X. rises to a height of more than 6000 feet, glaciers 
existed and jn-oduced their striated rock.s, nioraine.s, and erratic blocks.^ 

Belgium. — The Quaternary deposit'? of tliis counfcry, like tho.se of Northern France, 
belong to a former condition of the present river-ba.sins. In the liigher tracts, they are 
confined to the valleys, but over the ])lains they sjn-ead as more or less continuous 
sheets. Thus, in the valley of the Meuse, the gravel-terraces of older diluvium on 
either side bear witue-ss only to transport Avithin the drainage-basin of the river, though 
fragments of the rocks of the far Vosges may l)e detected in them. Tlic gravels are 
stratified, and are generally accom]»anie(l by an upper .sandy clay. In middle Belgium, 
the lower diluvial gravels are covered by a yellow loam (Hesbayan), probably a con- 
tinuation of the German loess, with numerous terrestrial shells [Succinca ohlonga, Pupa 
'/nuscormu, Helix [^Hygromki] Idspida). In lower Belgium, this loam is replaced by the 
Campinian sands, wliich have been observed lying upon it. The Belgian caverns and 
.some parts of the diluvium liave yielded a large number of imnnnialiaii remains, 
among wliich there is the same commingling of types from cold and from warm 
latitudes so observable in the Pleistocene beds of England and France. Thus the 
Arctic reindeer and glutton are found with the Aljiine chamois and marmot, and with 
the lion and grizzly bear. 

The Alps.- — Reference has already been made to the vast extension of tlie Alpine 
glaciers during the Ice Age. Evidence of this exten.sion is to be seen both among the 
mountains and far out into the .surrounding regions. On the sides of tlie great Amlleys, 
ice-striated surfaces and transported blocks are found at such heights as to show that 
the ice must liave been in some places 3000 or 4000 feet thicker than it now is. The 
glacier of the Aar, for instance, which was a comparatively short one, being turned aside 
by and merging into the large stream of the Rhone glacier near Berne, attained .such 
dimensions as not only to fill u]) the valley now occupied by the Lakes of Thun and 
Brienz, but to override the surrounding hills. Tlie mark.s made by it are found at a 
height of 930 metres aliove the valley, which Avith 305 metres for tlie depth of Lake 
Brienz, gives a thick rie.ss of at least 1*235 metres or 4000 feet of ice moving down that 
valley. Judging from the evidence of the heights of the stranded lilocks, the .slope 
of this glacier varied from 45 in 1000 in its uppm* pa,rts to not more than 2 in 1000 
towards its termination.*' From tlie variation in the direction of tlie stri:e, as Avell 
as in the di.stril)utjoii of the trans[)orted Idocks, there can be little doubt that the 
Alpine glaciers varied from time to time in relative dimeiisioii.s, so that there Avas a 
kind of struggle betAveen them, one }»ushing aside another, and again being pushed 
aside in its turn. 

Turning to the regions beyond the luoinitains, Ave find that pi*oofs of glaciation reach 
to almost incredible distance.s. The Rhone glacier ha.s already been referred to as oA-'er- 
whelming the mountainous and hilly in terA^ening country, and tlirowiiig down its moraines 
with blocks of the characteristic rocks of the A'alais where Lyons now stands, that is, 

^ J. F. Nery Delgado, Ooiniti. l)lrec,. Trahal. <»eol. iii. Fasc. i. (1895). 

- Besides the Avork.s of Falsan ami (lliantre, Penck and I^art.sch, above cited, the 
student may consult Morlot’, Bib. Unir. 1855 ; Bull. A>c. Vav.d. ScL Nat. 1858, 1860. 
Heer, ‘ Urwelt der Schweiz.’ The map of the ancient glaciers of the north .side of the Swi.ss 
Alps, published in four .sheets by A. Favre, Geneva, 1884. C. W. Giimliel, Slt::h. A had. 
Wien, 1872. R. Lep.sius, ‘Das we.stliche Sikl-Tirol,’ Berlin, 1878. A. Heim, ‘ Handbuch 
der Gletscherkimde,’ 1885. Baltzer, Mitiheil. Natnrf. Berne, 1887, Der Diluviale 
Aargletsclier,” Beitrag. (Ieoh Kart. Schweiz. Lief. 30, 1896. Aep])li, op. elt. Lief. 34. 
Renevier, Bull. Soc. Jleh. 1887. A. Bulini, JaJirh. h. h. (Icol. JieichmmL xxxv. (1885), p. 
4*29. A. Penck, E. Briiekiier, and L. dii Pasquier, in their memoir already cited on p. 1301, 
which Avas published as a guide to- the glaciation of the region during the meeting of the 
International Geological Congress at Zurich in 1894. 

A. Favre, Arch. Ann. Sci. Phys. Nat. (leneve, xii. 1884. 
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170 miles in direet distance iVoni where tlie pre.seiit f^daeier ends. 'I'lie snnie sheet, ^ 
swelled from the nortlierii side of the lienieso Ohcrhuid, (,v(n’llowcd the lower rid.ijf*H «d 
the Jura, streaming tlirougli the transvei'se valle 3 ^s, even as far as Ornans near llesanenii. 
Turning north-eastward, it (illcd up tint great valley of Switzerland, anti, swollen hy tin' 
tributary glaciers of the Aar, the Iteiiss, and the Lintli, joiinnl the vast. .stre;un ol tint 
Rhine glacier al)Ove llasle. Tiic (inormous //n-r r/n /////fv: pouretl over tin* I Hack I't u esl 
and dowm the valley of tlie .I)anul.)e at least as hir as Sigmaringen. where, itloeks ot tin* 
rocks of the Orisons occur. Eastward it was joined liy tlie- great glacier that tlesceiided 
from the Swabian and Ihivariau A1[)S, and of whudi tin; nioraimeheajH art; stiewn over 
the lowlands as far as Munich. The Tyrolese and Carintliiaai Al{>s were likewise, buried 
under an icy eovering wliich sent a huge, glacier (‘astwards down lint valley of lln* Dra.u.^ 
On the soutli side of tlie .\lps, the glaciers advanced for souh* \v:iy <»ut int*' the jdain s ot 
Lombardy, where they threw down eiioriiious moraiin^s, whiidi sometimes rc.'ieh a. height 
of more than ‘.2000 feet (Ivrea). These vast aee.unmhitions, to which tlieia* is im paralhd 
elsewhere in Eurojie, rise into consjiienous liills ami crese.eut-slnipcd ridges I'cnnid the 
lower ends of the nppf3r Italian lakes. At some of tlnsse loe.-ilitics the moraine stall 
rests on marine Pliocene bods. It is [lossihle that the glaciers .‘lel.inilly reached the .sea- 
level. ^ There a])pears to he. no doubt, at l(;ast, tliat they descended t.<» a, lower level <»n 
that side than on the northern .side of tlie Alps. 

By tracing the distribution of the transporl.e<l blocks, t he inovennmls n[ tin* aneient, 
glaciers can he satisfactorily followed. Tlu^si! hloidvs an* not dispersed at- rainioinnver 
the. glaciated area. ICach glacier (rarri«*d tln^ blocks ol* its own basin, and, where these 
are of a ])cculiar kind, tliey servimis an exeidlent guide in following the. march n| the 
ice. Not only wenj t.he lilocks in e.aeh draiiiag(3 area kepi .separate fnnn thosi* nf ad- 
joining basins, but those, on the left sid<!H <d' (he valley.s do not, exeejd along the 
junction linc.s, mingle witli those of th(3 right; sides. ,V.s a. rule, the hloek.s lie along the 
slopes of the valleys rather tlian on tin* hot, toms, and are (d’ten dispus'cl tlmri* in gi’oups 
or lines. In the Arve. valley, luiar Sallaiic.hes, for (iX.-unph*, a zone eomprl' ing i.everal 
thousand grauitit.*. boulders runs fora <listane.e of more than three miles. The blocks 
of Monthey have long ]>ee.ii hinious. (In tin; Hanks <d‘ the .lura near Sololhurn, the 
boulders of Riedliolz, strafubal tlicn*. l>y tlic auciemt. Rhone glacier, nunde r 

though tliey Inivc laam reduced liy the (luarryiiig operations, now hapjfti’v intcrdi* fed 
(sec ifigs. lf)0, Idl, lt)2).“ 

Tliat the Ice Age in the Alps, as in Northern Eurojie, was int.errnpled by it h a 1 one 
Avarmei- interglacial jierioil, when the ice retreating I'rom the valley,-, allowed an ahumiaut: 
vegetation to llourisli there, is shown by the lignites of Itiiint-' n t’anliin /ani' h;, 
Utznacli (St. Gall), Hiittiiig (near Innspruek), and .si'veral other places. 'I’hes** ih<pu Bh 
can here and there he .seen to overlie aneient moraine .stud' ; they are inter.arat ilied with 
fluviatile gravels and sands, whieh again are. surmounted with seatiered errafii' bloc ks 
belonging to a, later period of glaciation. Among tlic.si* interglacial vegegiltle aceuiou- 
lations Heer recognised .several [dues a.iid lirs (Pimts nhirs, /'. :.ifl v*:,t ri'A, /'. , 

larch, yew, oak, .sycamore, hazel, mo.sses, hog-heaii, bulrush, raspherrv, ami fPrf/iiftti 
palustre, as well as bog- mosses, all still growing in t.he sun’otinding eountrv. With 
the plants tliere ocitur the remains of lUi i nornum rfrtL'WiiA, PnH var. 

prmilfjciiius or unis, red - deer, eavo - bear, likewi.sii traces of fresh - w.i ter sheilH and 
insects, chietly elytra of Iieetlcs. 

The siicce.ssion of main events in the history of the Ice Age in Switzerland ha ve been 
tabulated as follows : — 


^ The surface of the Lago di Garda, round the low(*r <*iid of wliicli glacier moraine* extend, 
i.s little more than 200 feet aliove the sea-level. 

^ Favre, -In;//,. Sai. Phys. 2^ut. (hnhix, xii. (LSSdj, p. Jdh. 

Penck pVergletscheruiig der Deutschen .\lpeii believes that evidence can he traced 
of at least three distinct iieriods of glaciation in the Alps. Heer, ‘Grwcll der Srdiweiz’ ; 
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i Ancu-nl lat^ustrinc terraces (150 feet above present level of Lake of 

(.eiiew'i/, (Icltas, and r-iver j,n-av(ds Liinmra siaf/na/ifi, and other fresh-water 
shells, lM.n(‘s ol inanniioth { (). (;ra«hial lowering of the level of the lakes through 
Mie <aitt[ng <lou'n ol 1h(‘ luoraine harri(*r.s, 

I hiril iii'i-iocl. Krralic: Ijlcii-ks ami terminal nioramesofZnricli,Bal(lee-<>' 

,Sem|iue 1 , lierm-, wil,l, an A.X'tie llora ami llmiia. Kehotter of tlie lower tevracer 
ami ol Mzmictli, \\aiineii, IteidliacOi. An, (llatthal, Kililbriieg. 

SeromI inlerolaeial seric^s. lAenites ami .days of Utzmudi, Waiigen, Diiruteii. 

\\ (-{/.iknii, (‘<iver(*(l hy tin* inoniine stnlf of the tliird glaciation and overlying older 
gliifial deposits h/r/thfts (f n/ii/utfs, JifihmtT.ro.s lit <‘r/f(.rJi unis {Merc/di). This 
interglacial ejioch is I'egarded as having lasted a shorter time than the first. 

Second glacial period. ( I reatest. extension of the glaciers; chief aceiiniulation of 
nioraines ; ileposit ol tlie (‘xtrainorainic high -terrace sell otter, 
first, interglacial interval, sujiposcd to have continued for along period of time, 
during wliieh the last u)»lift of the itiolasse on the skirts of the Jura took 
place ; snhsideiici* oi t he hody of tlie Alj»s ; hirth of some lakes, such as those of 
Zurich and Zug. During this period valleys were eroded in the molasse and 
progressively deepened while the slojies wen*, terraced. 

First glacial period, supposed to he indicated hy the deposit of the Deeken-schotter. 

Riissia. A vast e.xtcnt. of Russia was buried under tlic greatest extension of the ice- 
slieet, the sold hward limits of wliiidi aci’oss tlie country have already been stated (p. 1305). 
'I here appears to he evidenee that the, second advance of the ice not only affected the 
westci'u lowlands tha,t were covered liy the Ihiltic glacier, but even the centre of the 
count I'y. Frofds have, been obtaineil (d‘ aii interglacial period in Central Russia marked 
hv lacustrine dcjio.dts intercalated between glacial clays. They have yielded an abundant 
llora, inelitding alder, liiiadi, hazel, willow, tir, water-lilies, and remains of mammoth 
krj Fi-rhap.-i the most, singular feature, of the glacial deposits of Russia is to be found 
ill the sheets of ice which, iindiu’lying and interstratified with the clays, have survived 
as aetu.il fo.'xsil remains id' tlie iec-shiads of the Fhdstoccne ages along the low grounds 
of 1 he coast -region ofSilieria, and in the opposite Now Siberian Islands. The ice is 
>.»Ujie{imcs ; e]ia.rated from the. living vegetation, including larch trees, by a mere thin 
1 «yer ot iiuniii.^, or is covered with a la,yer of peat full of well-preserved leaves and 
fruit, ol ahh'i' d / hus / nd irusu i. ft has hccii calhid “stone-ice, ” dead-iee,” “ fossil - 
glaeter." and ha;-, heim clearly made out to form a sheet of variable thickness resting 
on a, ground -moraine and covered hy Iluviatilc or hie.iistriue strata of clay and sand, 
which in their lower part.s are sornetinu's intm’leaved with thin lainimc of ice. or are 
p- rineajed iiv i***- and :solidly f'ro/cn. fu som<^ places the ice ends at the coast in a lofty 
elitl', nitli the, thin layer of soil or peat and diving Arctic vegetation on the 
sninmiL h’roin the frozen sedimentary deposits that overlie the ice, carcases of the 
in.'iinnioth .and fUi i it>it’>'rns niriiti rhiiiiis (Jifnrh-ii) liavi^ hecii obtained, sometimes with 
tlwth-h, l,ii! and hair still jierfeet ly prc-served. Th<^ same strata have yielded shells 
of Sptofrnun . l’'>dnthi, lishl.l u m, larvic, of and remains of Arctic birch 

iU fuitt louin ^ \i\n\ peril's of willow. The large mammals appear to have perished, 
owing pel hap . to :,ome goaicral fdiaiigdi of eliniate, ami their bodies when immersed 
HI I he ; iff of lakes or rivers were eventually frozen there, and so have, remained till 
the pre i-nt time, 'fhe mu.d\ shoep and reiiidee.r, wliich were their contemporaries, were 
nnne forfun.itr in with.standing the unfavourahlii meteorologieal conditions, and still 
survive in the Arctic regions, ^ 


A, Acpph, “ Krosiou ten'a-. eu und Dlaziaksehotter in ilirer Beziehung zur Entstehimg de.s 
Zurieij a;e Idiln'iif, (itutl. Kmi. tSdriri'E LicL 3'i (1894), j). 116. 

* X. K ri •ehtatouit -.(rh, /iidl, Snr. h/i/t. Ndt. Mosnm, No. 4 (1890); (/Idol. 3Iin. de lo 

/Dc.-wV, War . an, I'^lhk On glaciation of Urals se<i Nikitin, iVeites Jahrb. i. (1888), p. 17*2. 
Frauh'in A. .Mi'^suna, deserihe.s two iiands of eiid-nioraiiies in the departments of Wiliia, 
Witelisk, and Minsk, li. d'. 1902, p. 284. 

" For a detnile.d fd.story of tlie investigation of the Silieriaii iee-cliffs and their organic 
remains with a narrative of personal exploration of them, .see tlie alileand intere, sting memoir 
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Africa. — An interesting proof of a former greater extent of tlie existing glaciers is 
furnished b}" Aloiint Kenya, whiidi in British East Africa rises almost on the ecjuator to 
a height of about 19,500 feet above the sea, and covers an areaof about 700 square miles. 
Some 5400 feet below the; limits to which the glaciers have now retreated they have 
left moraines, rock-striie, perched blocks and glacial lake basins, and these are on such a 
scale as to indicate that they were ])roduced not by mere valley-glaciers but by an ice- 
cap that covered the whole mountain. Professor Gregory, whose observations made 
known these features, believes that the glaciation was due to a former greater elevation 
of Mount Kenya, which has been reduced by subsidence and denudation, there being 
,110 evidence of any universal glaciation of the region.^ 

North America.- — The general succession of geological changes in Post -Tertiary 
time appears to have been broadly the same all over the northern hemisphere. In 
North America, as in Europe, there is a glaciated and non-glaciated area; but the 
line of demarcation between them has been much more clearly traced on the western 
side of the Atlantic. The glaciated area extending ov^er Canada and the north-eastern 
States presents the same characteristic features as in the Old World. The rocks, where 
they could receive and retain the ice-markings, are well-smoothed and striated. The 
direction of the strife is generally southward, varying to south-east and south-west 
.according to the form of the ground. The great thickness of the ice-shcet is strikingly 
.shown by the height to wliich some of the higher elevations are polished and striated. 
Thus the Gatskill .Mountains, rising from the broad plain of the Hudson, have been 
ground smooth and striated u]) to near tlieir summits, or about 3000 feet, so tliat the 
ice must have been of even greater thickness than that. Tlie White Mountains arc ice- 
worn even at a height of 5500 feet. G. M. Dawson has found glaciated surfaces in 
British Columbia 7000 feet above the sea.’’ 

On detailed examination of the rock-striation it lias been found that the ice probably 
had its origin mostly if not entirely on the continent itself, and that it radiated from 
certain areas of maximum accumulation of snow. Of these areas there fippear to have 
been ai: least three in the north of British America. The most easterly, known as the 
Laiireiitidc ice-sheet, covered the wide peninsula between the depression of 1 1 udson Bay and 
the Labrador coast, and streamed southward across the basin of the St. Lfiwrcnco and 
the north-eastern States into Pennsylvania and as far west as the valley of the. ]\lississippi. 
A second centre of dispersion, which gave rise to what has been called the Keewatin ice- 
sheet, lay to the west of the Hudson Bay hollow, whence the ice radiated in all directions. 
On the north side it moved towards the Arctic Ocean, on the east it descended into the 
low ground till it joined the Laurentide sheet and moved southward to shed its 
terminal moraine in Iowa and Dakota. The third centre lay far to the west in the 
Canadian portion of the lofty Cordillera of the Rocky Mountains, and gave birth to a 
vast ice-sheet wdiich moved westward down the steeper .slope into the Pacific and soiith- 

of Baron E. von Toll in Mem. Akad. Imp. tit. Petersboimj^ xlii. (1895), No. 13 ; also A. G. 
Natliorst, Ynier^ 1896, p. 79. 

1 Q. J. (k A 1. (1894), p. 515. 

- See J. D. Whitney, “Climatic Changes of later Geological Times,” Mem. M/iis. (Jompar. 
Zuol. JIarvm'd, vol. vii. 1882 ; and papers by J. D. Dana, T. C. Chamberlin, R. D. Salis- 
bury, W. Upham, George M. Dawson, H. Carvill Lewis, G. F. Wright, S. Calvin, I. C. 
Russell, B. K. Emerson, J. B. Tyrrell, H. L. Fairchild, K. S. Tarr, F. Leverett, and others 
in Amer. Jouni. Sci., AinericatL (icedogist, J on rued of (kology, Canadian NatiLralid, 
Canadian .Tommak A nn. Jiepcu’ts, Bidletins and Alowxjraphn of U.A (leol. Survet/ ; Ceol. 
Sure. New Jersey; Second Ceol. Surv. of Pennsylvania ; Pej}orts of the Canadian CeoL 
Su:rvey ; J. W. Dawson, ‘Acadian Geology,’ 1878; ‘Handbook of Canadian Geology,’ 
1889 ; ‘The Canadian Ice Age,’ 1893 ; G. M. Dawson, Trans. Roy. Soc. Canada., viii, sect, 
iv. (1890), p. 25 ; G. P. Wright, ‘Man and the Glacial Period, ’ ‘The lee Age in 'America. ’ 

^ GW. Mag. 1889, p. 351 ; .see also W. Upham, Appalachia, v. (1889), p. 291. 



PLFABTOGENE OR GLACIAL SERIES 


1341 


SECT, i ^ "2 


eastward into the high inland plateaux. Besides these great mo’s dc glace there were 
minor glacier centres among the higher mountain groups farther south. 

As ill Euro])e, the glacial deposits increase in thickness and variety from south tO' 
north, .spreading across Canada, over a considerable area of the north-eastern tStates, 
and rising to a height of 5800 feet among the White Mountains. Fi-oin the evidence of 
the rock-strire and the dispersion of boulders, it has been a.scertuined that, though 
the glaciated region was ])robably buried under one deep continuous nner de glace 
like that of Greenland at the present time, there were considerable variations in 
the direction of motion, owing partly to the individual movements of the several 
ice-sheets and partly to inequalities in the general slope of the ground underneath. 
N’othing, however, is more striking than the apparent indilference with which the 
ice streamed onward, undefleeted even by considerable ridges and hills. The line 
of the southern margin of the ice can still be followed by tracing the limits to 
which the drift deposits extend southwards. From this evidence we learn that tlie ice- 
sheet ended olf in a sinuous line, protruding in great tongues or promontories and retir- 
ing into deep and wide bays. In the eastern State.s, the .southern limit of the glaciated 
region is marked by one of the most extraordinary glacial accumulations yet known, 
and to which in Europe there is no rival. It consists of a broad irregular band of 
confinsed heaps of drift, or more strictly of two .such bands, which .sometimes unite into 
one broad belt and sometimes separate wide enough to allow an interval of twenty or 
thirty miles between them, each being from one to six miles in breadth and rising 
several liuiidred feet above the surrounding country. Tlie surface of these ridge.s 
presents a characteristic hummocky aH[)ect, rising into cones, domes, and coiillueut 
ridges, and sinking into basin-sha]>ed or other iryjgularly-formcd dc})re.ssiQiis, like the 
karnes or osar of Europe. The upper part of the material composing the ridges 
generally consists of assorted and stratified gravel and sand, tlie stratification being 
irregular and discordant, l>ut inclined on the whole towards the south. Below’ these 
rearranged materials is a boulder-drift — a mixture of clay, sand, and gravel, with lioulders 
of all sizes, up to blocks many tons in weight and often striated. Though some- 
times indistinguishable from ordinary till, it prc.sents as a rule a greater preponderance 
of stones than in typical till, but contains also line stratified intercalations. A large 
projiortion of tlie material of the ridgcjs has lieen derived from rocks lying immediately 
to the north, and the nature of the ingredients constantly varies with the changing 
geological structure of the ground. Tliere is also always ])resent a greater or les.s 
amount of detritus representing rocks along the line of drift-movement for 500 
miles or more to the north. Tlic band of drift-hills lies .sometimes on an nseeiiding, 
sometimes on a descending slope, cros.ses narrow inountain ridges and forms enibank- 
meiits across valleys, showing such a disregard of the t<)pogra])hy as to prove tliat it 
cannot have been a shore-line, and lias not been laid clowm wdth reference to the present 
drainage system of the land.^ 

To this remarkable belt of prominent liummocky ground the name of ‘M:erminal 
moraine” has been given by the American geologists who have so sncce.ssfully tracked 
its (listrilnition and investigated its .structure. The conditions, however, under which 
the drift rampart in question was formed certainly differed widely from those that 
determine an ordinary terminal moraine. The constituent materials can hardly have 
travelled on the .surface of the ice, hut must rather have lain underneath it or liave been 
pushed forward in front of it. But the mode of formation is a problem wdiicb, though 
recent observations in Greenland and Spitzhergen (p. 544) have throw'ii light on it, 
cannot be said to have as yet been wholly solved. 

There seems good rciison to believe that there arc at least two ‘‘terminal moraines ” 
belonging to two distinct and perhaps widely separated epochs in tlic Ice Age. The 

^ H. C. Lewis, “Report on the Terminal Moraine,” Second (leal. Sure. PoDisf/limiia,. 
Z, 1884, p. 45, with Preface by J. P. Le.sley. 
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most southerly and therefore oldest of tliein begins on the Atlantic border off the south- 
eastern coast of Massachusetts, where it is partially subinierged. Rising above the level 
of the sea in Nantucket Islands, Martha’s Vineyard, No Man’s Island, and Black Island, 
it is prolonged into Long Island, of which it forms the back-bone, and where it reaches 
heights of 200 to nearly 400 feet. A second or latter and less prominent line of drift-hills 
runs along the north shore of Long Island, and is prolonged by Fisher’s Island into the- 
southern edge of the State of Rhode Island, whence, striking out again to sea, it forms 
the chain of the Elizabeth Islands, passes thence into the State of Massachusetts, and 
runs nearly east and west through the peninsula of Cape Cod. The distance between 
these two bands of hummocky ridge varies from five to thirty miles. From the 
western end of Long Island the moraine passes across Staaten Island and the northern 
part of New Jersey, enters Pennsylvania a little north of Flaston, and follows a sinuous 
north-westerly course across that State and for some miles into the State of New York, 
where, forming a deep indentation, it wheels round in a south-westerly direetion, re- 
enters Pennsylvania, and passes into Ohio. Throughout this long line, the moraine 
coincides with the southern limit of the drift and of rock-striation, though in western 
Pennsylvania, in front of the ridge, scattered noi*therii boulders are found over a strip of 
ground which gradually increases south-westwards to a breadth of five miles. ^ Beyond 
Central Ohio, however, the drift extends far to the south. Taking its limits as probably 
marking the extreme boundary of the ice-sheet (then at its largest), we find that it goes 
southwards, ])erhaps nearly as far as the junction of the Ohio with the j\Iississipj)i, 
sweeping westwards into Kansas, and then probably turning northwards through 
Nebraska and Dakota, hut keeping to the west of the Missouri River. 

The inner or .second terminal moraine is characteristically developed in the soutliern 
part of the State of New York, lying well to the north of the lirst moraine, and much 
more irregularly distributed. South-westwards the two series of ramparts unite at the 
.sharp bend of the older ridge just mentioned, and continue as one into the centre 
of Ohio. This jiiiictioii ])robably indicates that the southern edge of the ice at the time 
of the second moraine, though generally keeping to the north of its previous limit, 
reached its former extent in north-western Peiimsylvania, and united its debris with 
that left at the time of the greatest extension of the ice-sheet. From the middle of 
Ohio, the younger moraine pursues an extraordinarily sinuous course. One of its most 
remarkable bends encloses the southern half of Lake Michigan, which was the bed of a 
great tongue of ice moving from the north. Immediately to the west of this loop tliere 
lies an extensive driftless area in Wisconsin and Minnesota. The course of the moraine 
bears distinct witness to the independent direction of flow of the united glaciers that 
constituted the great ice-sheet. It sweeps in vast indentations and promontories across 
Wisconsin, Minnesota, and Iowa, forming probably the most extensive moraine in the 
world, and strikes north-westward through Dakota for at least 400 miles into the 
British Possessions, where its further course has been partially traced. The known 
portion of the moraine thus extends with a wonderful persistence of character for 3000 
miles, reaching across two-thirds of the breadth of the continent.- Much attention has 
been paid to the variations in the nature of the drifts in the intra-inorainic and extra- 
morainic areas, as evidence of the various advances and retreats of the ice.'* 

^ In this strip of ground, called by Lewis the “fringe,” thougli there are no rock- 
strias or drift, .scattered northern bouldens occur. Op. dt. p. 201. 

2 T, C. Cliamherlin, “Preliminary Paper on the Terminal Moraine,” ^rd Ann. Rep. 
U.S. a. S. 1883. Every student of glacial geology ought to make liirnself familiar with this 
admirable siurmiary. Consult also G. M. Dawson, ‘Report on 49tli Parallel’ ; F. Wahn- 
schaffe, Z. I). G. (L 1892, p. 107. J. B. Tyrrell {Bull. (Jeol. Sac. Ainer. i. (1890), p. 395) 
describes the terminal moraines in Manitoba and the adjacent territories of N.W. Canada. 

^ See ill particular the Rejiorts and Maps of the Geol Siirv. New Jersey, liy R. D. Salis- 
bury and his colleagues. 
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111 tlie n on-glaciated regions, evidence of the presence and inliuence of the ice-sheet 
is probably furnished by high alluvial terraces, which coidd not have been formed under 
the present conditions of drainage. From this kind of evidence it is believed that when 
the ice-sheet crossed the Ohio. Fiver near Cincinnati, it ponded back the drainage of 
the entire water-basin of East Kentucky, south-east Ohio, West Virginia, and Western 
Pennsylvania, up to a height of perhaps 1000 feet, forming a lake at that level. ^ Similar 
indications of a lake, caused by an ice-dam ponding back the drainage, are found at the 
head of the Red River in Minnesota.- The largest sheet of fresh water which has left its 
records in that region has been called '‘Lake Agassiz.” It occupied the basin of the 
Red River of the Korth and Lake Winnipeg, and appears to have been due to the inter- 
ception of the drainage northward by the united Keewatin and Laurentide ice-sheets. 
It is computed to have been 700 miles long from north to south, and to have covered, 
from first to last, an area of 110,000 square miles, thus exceeding the total area of the 
five great existing lakes — Superior (31,200), Michigan (22,450), Huron with Georgian 
P>ay (23,800), Erie (9960), Ontario (7240), which have a united area of 94,650 square 
miles. Many other “glacial lakes,” which no longer exist because their ice-harriers 
have disappeared, have been found scattered over Canada.'^ 

The deposits left by the ice-sheet within the limits of the terminal moraines so 
resemble those of Europe that no special description of tliern is required. The lowest 
of them, resting on ice-worn rocks, is a stiff, unstratitied boulder-drift or till, full of 
polished and striated .stones. Occasional “interglacial” intercalations of sand and 
clay, wliicli in some places, as at Portland, in Maine, have yielded many existing species 
of marine organisms, and in others, as in Iowa, include forest-beds, peat and other 
remains of laud-plants, with fresb-water slielLs, .separate tire lower from an U])per boulder 
clay, which is looser, and more gravelly and sandy than the older deposit, contains 
larger rough and angular blo(.d<s, and has ae(juired a yellow tint from the oxidising 
inliuence of surface waters.*'' The Iroulders vary up to 10 feet (sometimes even 40 feet) in 
diameter, and have seldom travelled more than 20 miles. The boulder-clays over wide 
areas are distributed in lenticular ridges, drums, or drunilins, from a few hundred feet 
to a mile in length, from 25 to 200 feet high, and with a persistent smoothness of out- 
line and rounded tops.*’ As in Europe, the longer axes of these drums is generally 
parallel with that of the striation of the underlying rocks. 

At the height of the Ice Age there were large glaciers in the Rocky Mountains of 
the United States, whereof the small glaciers first found by Hayden’s Survey among the 
Wind River Moiintaims in Wyoming are .some of the last lingering relies.'^ But ‘though 
the ice lilled up the valleys to a depth of 1600 feet or more, and transported vast 
quantities of detritus which now remains in prominent moraines and scattered boulders, 

* H. C. Lewis, “ Report on the Terminal Moraine,” above cited. 

- W. U])ham, Proc. Ajner. A.s.soc. xxxii. (1S83), p. 214. 

'For a full nccoiiiit of this vanished lake (now represented only ]jy scattered sheets of 
Wcater in the hollows of its basin), with its terraces, dunes, deltas, and other features, see W. 
Upliam’s elaborate and instructive monograph, ‘The Glacial Lake Agassiz’ — a thick quarto 
volume with imineroiis maps forming Monograph xxv. of the U.A. (P S. 1895. 

W. Upham, JPiU. >Sor. Anuir. ii. (1891), p. 243. The vanished Lakes Bonneville 
and Lahontan (p. 524) are other colossal cxaiiqdes which, though they did not owe their 
origin to ice-dams, Init to an increased rainfall, belong to Quaternary time, and may have 
been coeval with some of the times of heavier snowfall and greater advance of the ice-sheets. 

5 On the evidence of old soils ])etweeii the l)Oulder clays see F. Leverett, Journ. Oeol. 
vi. (1898), pp. 171, 238; and ‘Interglacial Deposits in Iowa,’ Ijy Calvin, Leverett, H. F. 
Bain and J. A. Uddeu, I* roc. Iowa Acad. &ci. v. 1S98. 

*’ W. Upham, Proc. Bod. Soc. Nat. Hist. xxiv. (1889), p. 258. See on Till, W. 0. Crosby, 
op. clt. xxv. (1890), p. 115. TechnolngicaL Quarterly, ix. (1896), p. 116. 

7 F. V. Tiayden’s Twelfth. Report, U.A Geol and Geof/. Survey of the Territories. 
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it never advanced into the plateau of the prairie comilry to tin* <*a.st. \\ lict hci- n!' iint 

the glaciers at the north end of the Rocky Mountains nnugcd into .'ind Iniiicd .i.^id*’ 
by the southward-moving ice-sheet has still to be ascertained. l‘aen lar lo the wo.nI, the 
Sierra Nevada nourished an important ‘»roup of glaciers. ^ 

The loose deposits or drifts overlying tlie lovVer iinstratilied honider-elay heioiig t«> 
the period of the melting of the great ice-she(*ts, when ]a,rge bodies of water, diseliargr* t 
across the land, levelled down the heaps ol detritus that lia<i loi'ined l)el<»\\ or in tin- 
under part of the ice. There may have been many adva.nces and rdav.als ot the iiM- 
sheets, and the deposits of many successive intervals may be iiadtided in tin- det rital 
accumulations that have been left behind. Various attempts ha,ve been made lo unravel 
the sequence of deposition, but it may he doubted whether any local order wld<-li may 
be ascertained will afford a satisfactory and generally applicable arrangement. The re- 
modelled drift has by some writers been classed as tlie “( Hiaaiijilain group.” " laiwer 
portions are sometimes Iinstratilied or very rudely stratilied, while, the iipjier parts ap- 
more or less perfectly stratitied. Towards the eastern e(»a,s(.s, and a, long the \Mlley"^ 
penetrating from the sea into the laud, these stratifaMl beds are. of marine origin, and 
prove that during the “ Cliamplain ” period there was a depi’iission of the eastern part 
of Canada and the United States beneatli the si^a. The marine ueeumuhdhms I'onm'd 
during this submergence are well developed in Mastern Canada, where they .show tin' 
following subdivisions : — 

Post-glacial accumulations. 

Saxieava sand and gravel, often with transjiorted honhhn-s i ( qiper liouhh-r depiK.il ', 

St. Maurice and Sorel Sands). Sliallow-water boreal fauna, Sn.rlrnni 
hones of whales, &c. 

Uiiper Leda clay (and proliahly “Saiigeen elay ” of iiilaaid) ; elay a.nd samly elay 
with numerous marine shells, wliicli are tlie same as those now living in the 
northern part of Gulf of St. Lawrence; also in soim* dist, riels fresh - water 
shells and plants.'* 

Lower Leda elay, tine, often laminated, w'ith a few la,rg»* travtdled boulder 
(probably equivalent to “Erie Clay'” of iidaml ; ** ( ’haiiiplain Clay,” Lower 
Shell-sand of Beauport) ; contains Porlaiidw (nrfint, Trllimi {MtirmitHi tiullhlrii 
[yrmnlandica) ; prohaldy de})osited in cold iiu‘-ia(h‘U water. 

Boulder-clay’’ or till ; in the Lower St. Lawrema! region eoiitaiiis ;i few A retie hells, 
hut farther inland is iinfossiliferous. 

Peaty beds, marking pre-glaeial land-surlaces.’'' 

The Leda clays rise to a height of (iOO feet above the sea. On the hanks of the 
Ottawa, in Gloucester, tliey eoritaiii nodules which Iiav(^ been formed round org-mie 
bodies, particularly the iiAi M(dloliis irUlosns or eapeding of the Lower Si. Lauri-nee. 
Sir J. W. Dawson also obtained iiumerous remains of tiu'restrial nmr.sh-plant.s, gras e ,, 
carices, mosses, and alga*. This waiter states that about. 100 spiaies <d‘ marine iuvei' 
tebrates have been obtained from the clays of the St. Lawi'enee valley. All e\repi. 
four or live species in the older part of the deposits are shells of t he hotcal ur Aretje 
regions of the Atlantic ; and ahotit half arc found also in the glacial elavs of Ih itain. 
The great majority are now' living in the Gulf of St. Lawrenee and on neig^hlH»m ing 
coasts, especially off Labrador.'"' 

^ J. Leconte, Amer. Joiini. Sci. (3) ix. (1875 g \\. TiO. See A. G. Ann r, Xuf inui/i J , 
1880, for a paper on the ancient glaciers of the Ro('ky Mountains. 

2 See J. D. Dana, J7/aT. Jovrii. ScL x. (1875), j). 168; xxvi. 'LSsty., xxvii. ( 1 h ; 
Wincliell, qp. dt. xi. (1876), p. ‘225, 

** For a list of Canadian Pleistocene plants see Sir W. Dawson and D, P. Peidrallow, 
Bull. Geol. Soc. Amcr. i. (1890), p. 311. 

4 J. W. Dawson, Supplement to ‘Acadian Geology,’ 1878 ; ( X>f(,/r<ilis/, vl 
(1871) ; Peol. Mag. 1883, p. Ill ; Bull. Umg. Sor. Amer. i. (1800), p. g] 1. 

^ Dawson, ‘Acadian Geology,’ p. 76. 
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Terraces of niaiiiie origin occur both on tlie coast and far inland. On the coast of 
Maine tlic}’’ appear at lieights of 150 to 200 feet, round Lake Cliain[>lain at least as 
liigli as -jOO feet, and at Montreal nearly 500 feet above the present level of the sea. ' 
It would appear that the submergence of which these terraces are the records did not 
affect the extreme eastern part of the land along the coast from Nova Scotia to New 
Yoidv, hut that it steadily increased towards the north till it reached perhaps as much 
as 800 feet north of Montreal.- In the absence of organic remains, however, it is not 
always possible to distinguish between terraces of marine origin marking former sea- 
niargins, and those left l)y the retirement of rivers and lakes. In the Lay of Fundy 
evidence has been cited l>y Dawson to prove subsidence, for he observed there a 
submerged forest of pine and beech lying 25 feet below high-water mark.'' 

Inland, the stratified })arts of the “Champlain group ” have been accumulated on the 
sides of rivers, and present in great perfection the terrace character already (p. 507) 
described. The successive platforms or terraces mark the diminution of the streams. 
They may lie connected also with an intermittent uprise of the land, and are thus 
analogous to sea terraces or raised beaches. Each uplift that increased the declivity of 
the rivers would augment their rate of flow, and consequentl}' their scour, so that they 
woidd be unable to reacli their old flood-plains. Such evidences of diminution are 
almost universal among the valle 3 ^s in the drift-covered parts of North Auieriea, as in 
the similar regions of Euro[)C, Sometime four or live platforms, the highest being 
100 feet or more above the present level of the river, may lie seen rising above each 
other, as in the well-known example of the Connecticut Valley. 

Tiic terraces are not, however, confined to river-valleys, but may be traced round 
many lakes. Thus, in the basin of Lake Huron, deposits of fine sand and clay contain- 
ing IVesh-water shells rise to a height of 40 fe.ct or more above the present level of the 
water, and run back from the shore sometimes for 20 miles. Regular terraces, correspond- 
ing to former water-levels of the lake, run for miles along the shores at heights of 120, 
150, and 200 feet. Shingle beaches and mounds or ridges, exactly like those now in 
eourse of formation along the ex]»osed shores of Lake Hiirou, can be recognised at heights 
of 60, 70, and 100 feet. IJnfossiliferous terraces occur abundantly on the margin of 
bake Su])erior. At one point mentioned by Logan, no fewer than seven of these ancient 
beaches occur at intervals up to a height of 331 feet above the present level of the lake.*'' 
The great abundam^'e ol’ terraces of fluviatile, lacustrine, and marine origin led, as already 
stated, to tlie use of the term “Terrace epoch” to designate the time when those re- 
ma,rkal)le to[>ogra])hical features were ]>roduced. The cause of the former higher levels 
of the water is a dillieult problem. In .some cases it has doubtless arisen from dams 
formed by tongues of ice during the retreat of the ice-sheet. 

India. — Tluu'c is abundant evidence that at a late geological period glaciers 
(le.scended from the southern .slopes of the Himalaya Mountains to a height of less than 
3000 feet abovl^ the [jrcsent .sea-level. Lsuge moraines are found in many valleys of 
Sikkim ami Eastern Nepal Indvveen 7000 and 8000 feet, and even down to 5000 feet, 
al>ov(‘ .s(*a-lev(d. In the We.sti'rn Himalayas perched blocks are found at 3000 feet, and 
in the Upper Fnnjaub veiy large erratics have been observctl at still lower elevations. 
Fo traces of glaciation have ])eeii detected in Southern India. Besides the physical 

' (Ju terraces of Lake Ontario sec Amer. Joicnu ScI. (3) xxiv. p. 409. 

“ The deformation of the land during this submergeiiee has been traced by De <Teer in an 
interesting paper “On Ideistocene Cliange.s of Level in Eastern North America,” Proc. 
Jjoston >Sbr. Nd. Hist. xxv. (1892), p. 454, with a map showing the distrilnition of the 
i.soha.se.s or lines of cfpial defon nation. 

•" ‘Acadian Geology,' p. 28. 

*' Logan, ‘Geology of Canada,’ p. 910. Consult also the paper by G. K. Gin)ert on 
‘‘Ijake Shores” cited on ]>. 521, and the various papers on the uplift of this region referred 
to on p. 387. 
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evidence of refrigeration, tlie present . facies and distribution of the flora and hiuiia on 
the south side of the Himalaya chain suggest the influence of a former cold periodd 

Australasia. — The present glaciers of New Zealand are confined to the niouii tains, 
though ill the case of the Fox glacier they reach to witliin 650 feet of the sea-level. At 
a comparatively recent geological period, however, they had a much greater extension, 
for they descended into the plains, and, on the west side of the island, advanced below 
the present sea-level. Along that coast-line their moraines now reach the sea-margin ; 
huge erratics stand up among the waves, and the surf breaks far outside the shore-line, 
probably upon a seaward extension of the moraines. 

Captain Hutton has pointed out that there is no biological evidence of any 
general and serious refrigeration of the climate of the region since Tertiary time : the 
Pliocene and Pleistocene dejiosits in their molluscan fauna could not have failed to 
chronicle it had any such serious change of temperature taken place. He believes that 
the pi’incipal part of the sub-tropical flora and fauna of New Zealand was introduced 
before the Miocene period, and has flourished ever since, and that any serious diminution 
of the temperature of the islands would liave exterminated all but tlie more cold-loving 
species of jdants and animals. He maintains that the cause of the former greater 
extension of the glaciers is to be sought in the fact, of which there are otlier independent 
proofs, that the land then stood at a far higher level than it does at })rcsent, an additional 
5000 to 4000 feet being estimated to suffice for restoring the glaciers to their former 
maximum size. He likewise adduces grounds for believing that the glacier epoch (wliich 
he declines to regard as a glacial epoch) in New Zealand dates back to a much earlier 
time than the Ice Age of the northern hemisphere, probably to the Pliocene period.- 

It has been ascertained by the evidence of moraines, erratic blocks and striated rock- 
surfaces, that the Australian Alps once iiouri.shed a group of glaciers whicdi, with their 
snow-fields, may have covered an area of 150 square miles. The ice at Mount Kosciusko 
crept down to within 5200 feet of the present sea-level, while in Victoria what appears 
to be moraine material descends to 2000 or possibly to 1000 feet above the sea. At the 
same time the we,stern liighlands of Tasmania between the contours of 2000 and 4000 
or 5000 feet were buried under snow and ice. In this region, as in New Zealand, the 
later Tertiary and post-Tertiary formations have furnished no sufficient proof of any re- 
frigeration of the sea.^ 

To the Upper Pliocene and Pleistocene periods are assigned the wide terraced 
gravel-banks and alluvial flats which occur in the main valleys of Australia, and the 
great alluvial plains which in some of the colonies form such marked features. These 
deposits vary up to 300 feet in depth, and are a great storelioiise of alluvial gold. 
They may possibly indicate that a greater rainfall was concerned in their formation than 
now characterises the same regions. If the glaciers of New Zealand reached the 
sea, the mountains of Australia nourished snow-fields, and the great Antarctic ice-sheet 
crept farther north during some part of this cold period, the rainfall may Inive been so 
augmented that the rivers spread out far beyond the limits witliin whicli they are now 
confined. 


^ Medlieott and Blanford, ‘Geology of India,’ p. 586. 

- F. W. Hutton, Australasian Assoc. Adelaide, 1893, “Report of Committee on Glacial 
Action ill Australasia.” See also his ‘ Geology of Otago,’ p. 83, and for a fuller statement 
of his views on this subject his address on the Origin of the Fauna and Flora of New 
Zealand, N. Zealand Journ. Sci. (1884) ; and Proc. Linn. Sor.. N.S. Wales, x. part 3. 

^ T. W. Edgeworth David, Address to Section C. Atistralasian Assoc. Erisbaiie, 1895 ; 
R. M. Johnston, “Tlie Glacier Epoch of Australasia,” Proc. Roy. Soc. Tasiiutnia, 1893. 
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Section ii. Recent, Post-glaeial, or Human Period. 

1. General Characters. 

Th(i succession of I^leistocene ages shaded without abrupt change 
of any kind intc) what is teiancd the Human or Recent Period.^ The Ice 
Ag(‘, or Glacial Period, may indeed be said still to exist in Europe. The 
suoW“fi(dds and gla,ci(;rs ha,vc disappeared from Britain, France, the 
\h)sges, and the Harz, ])Ut they still linger among the Pyrenees, remain 
ill larger mass among the Al|)s, and spread over wide areas in Northern 
Scandina.via. This dovetailing or overlapping of geological periods has 
])i‘cn till*- rule from th<i beginning of time, the apparently abrupt 
transitions in the geoh.igical record being due to imi:)erfections in the 
<*hronicl(‘. 

'Fin^ la.st of thii long series of geological periods may be subdivided into 
snhordinate si'ctions as follows : — 

Historic, up to tlu^ prcscuit time. 

f I ron, Bronze, and later Stone. 

I’ri^liistorie j Neolithic. 

t I’alieolitliic, 

'Fhe Human Period is above all distinguished by the presence and 
influeniMi of man. It is ditlieult to determine how far back the limit of 
tin*, peihxl shoidd be placed. The (piestion has often been asked whether 
man was coen'al with the Ici*. Age. To give an answer, we must know 
within what limits tin; t(;rm Ice Age is used, and to what particular 
country or district tin.; ipuistioii refers. For it is evident that even to-day 
ma.n is <-ont(;rnporary with the Ice Age in the Alpine valleys and in 
Finmai-k. Thc.n* can be no doubt that lie inhabited Europe after the 
<q’cat.cst <*xt(;nsion of the ice. He not improbably migrated with the 
a.nima.ls that ca-nn; from warmer climates into this continent during inter 
<dacial <;onditions. P>ut that he remained when the climate again became 
eold miough (.o fr<;eze. the. riv(*rs and permit an Arctic fauna to roam far 
south inti? Europe is provml liy the abundance of his flint implements in 
1,h«; thick riv(;r gra vels, into which they no doubt often fell through holes 
in tJie ice as he. was fishing. 

'I'he. proofs of the existimce of man in former geological periods are 
not to be (*.xpcct<;d HoI(;Iy or mainly in the occurrence of his own bodily 
nmiains, as in the cas<rof other animals. His bones are indeed now 
and then t.o lie found, “ but in the vast majority of cases his former 

‘ Srp tor omifral iuronuat imi T.yp.ll’s * Aut.i<iuity of Man,’ Lubbock’s ‘ Prehistoric Times,’ 
KvuuhV; ‘Ajidpiit Stom* 1 mplc.iiH'nts,’ P.oy.i Dawkins’s ‘ Cave Hunting ’ and ‘Early Man in 
Ib'iUin,’ «L (b-ilde’s ‘ Pnbist.oric. Europe.’ 

■’ Mr, B. 'V, Newton has t!i«i iuBtanees wlicre actual liuinau bones of Palasolithic 

agp bav(' been fotiml. Presid. Address, Prnc. Ocol. .l.s-.wc. xv. (1898), p. 246. Reler- 
i-nep may be made, here, to a dis(u»very in a volcanic tulf in the island of Java, regarding 
whieb inueh disr.uHsion has arisen. NumerouH bones of Plei.stocene animals had previously 
been toumi in the depr.-^it, hut. in 1891 the roof of a large skull was obtained which was claimed 
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proseiice is revealed l)y tlu; iinphniKtiils In*, has lett Ifcliiiid liiiii, formed 
of stone, metal, or ])()n(‘. Many \'ea.i's a-yo the ai'<*}ia*oloyi.-t,-; of 
Denmark, adojlting tln^ ph]‘a.seolo,uy of the LaJin ports, elassitied thr 
early traces of man in three <^r(^at divisions the Stone Aye, ih'on/.e 
Age, and Iron Age. Thei'c (^aii he no d(nd»t tiiat, on tin* udioh*, iiii> 
has been the general order of siu^ecission in Mnrope, where men ns«M| 
stone a,nd Ijone before they had diseovered the use of metal, and learnt 
howto obtain ])ronze })efor(i tiny kn(‘W a.nything of the metallurgy 
of iron. Nevertheless, tlui use of stone long survised the intro 
diiction (jf In’onze and iron. In hiet, in iMn'opean eoiintries where 
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metal has been known for many eent.tirie.s, there are distri<'t^ uinme 
stone imjdemcnts Jire still em[>]oy(!d, or whert^ tiiey v ere in u.i* until 
(juite recently. It is obvious also that, as there, a, re still harbaroti.s frilH*s 
unacquainted with the fabrication of nu'tal, the Stone Age is not y»'t 
extinct in some pa,rts of the world. In this in.^tanee, \vf* again ;a'e liow 
geological ])eriods run into each otln*!*. Tin* material or shape of tin 
implement cannot tlicrcfore he always a, very satidaetory proof of 
antiquity. We must judge of it hy tin*, cireumstanees under whieh it wa '. 
found. From the fact tliat in north-western Furope the ruder kinds of 
stone weapons (Fig. 495) occur in what an* cfulainly the older drpijsit.-, 
while others of more highly finish<*d workmans!ii[) (Fign. I'utt) are 

l^ysomeas that of an individual intta-iiindiatf! inuiiuini , l.n? |,y att* inalteii'a 

iH regarde<l as truly hiirrian, tlioii;.?!! of a low type. UuIkm;;, ‘ I’ltle r.uUl/ropjM i , i-iur 
inensclieiiiilniliclic Uehergaiigsfonn aus .Java,’ Batavia, iS'.rl ; j>. ,f. < ‘uiumfuii.-mi, 
li. (1895), p. 428 ; W. Turner, (q/. rif. p. G21. 


REi'EXT Uli POST-GLACIAL SERIES 


1349 


siic'i'. ii fj, 1 


ininid in later a,ccurn illations, the Stone Age has been subdivided into an 
r;ir!y or 1 talteolithic and a later or Neolithic epoch. There can be no 
iloiibt, hnwevei-, that the latter was in great measure coeval with the age 
of ])n)nz(‘, and even, to some extent, with that of iron.^ ^ 

'Fhe de}>osit.s which contain the history of the Human Period are river- 
alluvia, briidv-earth, cavern-loam, calcareous tufa, loess, lake-bottoms, peat- 
mosses, sand-dum's, a,nd other superficial accumulations. 

I’Ai.Ja >LiTn K Under this term are included those deposits which 
iiave ^'iidded rudely- worked flints of human workmanship associated 
with th<‘ launains of mammalia, some of which are extinct, while others 
no long(u* liv(‘, wlnuHi their remains have been obtained. An association 
■of thii sanui ma,mma,lia.n remains under similar conditions, but without 
traces of man, may be assigned to the same geological period, and be 
included in tin; Paleolithic series. A satisfactory chronological classifi- 
cation of t.h(i (I(‘, posits containing the first relics of man is perhaps un- 
at tainaJ)!<‘, for tli(^S(‘, deposits occur in detached areas and offer no means 
of <l(‘tcrmining their physical sequence. To assert that a brick-earth is 
ol<l(;r than a caviuai brec.cia., because it contains some bones wdiich the 
la.tlf;r does not, or fails to show .some which the latter does yield, is too 
often a conclusion <h*a,wn Ixa.-ausi^ it agrees with preconceptions. 

It iv(‘r Alluvia. Above* the present levels of the rivens, there lie 
pla.1 forms or t(U'rae(*s of alluvium, sometimes up to a height of 80 or 100 
feet. 'Fhesci (I(‘posits a,r(* fragments of the river-gravels and loams laid 
down when tJn* streams flowed at these elevations. The subsecpient 

^ may jirnfitaldy rrmsult. Sir Art, Imr Mitclioll’s ‘ Past in the Present,’ ISSO, 

jUr th«' v.arnimrs il contain.s ;is t<» the (lau;,(er of decidiii^^ iijtou tlic antiquity of an implement 
lijcndv its iMidciiess. 

" d'lii , t< riu ha- heeii fiirtlu*!' sid)divid(?d into live minor sections according to the degree 
nf lini !! ” in tin* instrmnciils and their presumed e.hronnlogical order. Thus (1) deposits 
■•mlaiiiiir' Ihr vi-ry tiidi* type of worked Hints found at Chellcs near Paris, and regarded as 
?he old'' { of f ile ^,e^ies, !i.'iv(i keen e.'dled ( 'lii’llrtt n ; i'l) those containing tliiits with evidence 
id' more l.thour liest oweU on f.hciii, like tin* liiglier type found at St. Aclienl, have keen termed 
; :i , tliose with imjilemeiits like tli(‘ seraficrs of Moustier (Dordogne) have been 
icime.i Mn» Jcriifii : ■ those wlien*. tin* (lints have, lie.eu more deftly worked, like the 
im«d‘-iie !d toiiijd at S(diitiv in Pmrgutidy, have been <;alled Solutrian ; wliile (5) tliose which 
oMiitain v.f.’l tmisiied imjihmient.. a.NsoeiatrMl with carved lione and ivory, as at the caves of 
I/t Madelame nTTi;j:<»rd,i, iiave been called Manddlcitutn (G. de Mortillet, Cumid. rend. 

]H7H; lire. Kr„fr Adlhrointhujic, 181)7, J). 18. E. Piette, V A nthrt>jwh)fjie,\i\.). 
I’ise Ma 'd ihmi.'ui period or o7//////e of Piidti; has beim further divided by him into two 
t'voi-!. , the. FJnh'tn'n n or lime of the. mammoth, going hack into glacial times, when the 
men lived wim carved the Idieiie.ss of that animal on its tusks, and the yb/von/cff//. or reindeer 
epofdi, when the climate had ainelioi'.'ited, but whmi reimhuT still lived in tlie south of France 
and weie hunted by a more advaneed tyjie fit maiikiml (Piette, ‘ L (‘poque Eburm‘eiine, &t. 
qr-ieiUeu, I -'Jl ; J: Anlhrn^„>fn,iir, vi. vii.). Another cl a.s.silicati on proposed by Mr. J. Allen 
Urow ii i' ].:* ,ed sohdy mi the ehara.'ler of the imidements : (1) Eolithic, (2) PaUeolithic, (3) 
Me olilhie, I Xeeditliie, dunru. Anlhenf,. hist, 1892. (Hassilieations whieli do not rest on 
the e\ ide{i* e <d‘ superposition, but mere.ly on the (diaraeter of liuinan workmanship, must be 
o '-eived wisl! great caution, 'fliis basis mu.sf, often be ileceptive and of no chronological 
value, tliMiiidi some weiglit may l»e attaelied to the- jiresence of dilterent mammals with tho 
ditli-renf lype ^. of insinunent. 
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action of tlui running \v<at(ir has hocii to clear out niueh of t in*, old alhn ial 
material tlicn accuninhited, so as t-o leava* tin; valleys widened and 
deepened to their present fo!*ni (n///e, ]), 507). Id\‘ei*aet ion is al the la-st 
])ut slow. To erod<i tln^ vall(‘.ys to so graait a depth h(‘tiea.th ( In^ !e\e{ «tf 
the upper alluvia,, must hav(‘. (hunanded a [Ku-iod of many rent iirie.-. 'Fhei e 
can therefore be no dord)t of the high aiiti((uity of thes<‘ dcpn:d! . 'they 
haveyiehhul the remains of inaaiy manmmls, sonn* of them (‘xtinet 

JLipjHfpotinnux ((vijil/ihiifs^ llhinan'roii iiuujitrh in n.< (,l///v/.v7a tnyeilier 
with llintdlakes madt*. by iimii, and eaam sorm*times tin* boin-.'^ of leen 
himsedf.' .From the na,tur(i a.nd st i*U(*t in*(‘ of some of tln^ high level 
gravels lh(i]*e can b(i litth*. doubt that, they w(‘re foj-med at a time uhen 
the riv(u*s, tlnm possibly larger t.ha.ti now, wer<‘ liable to be frozen and to 
bo obstructed liy a,ceunnilations of ice. Wh* a.re, thu.s able to e<mrn'et the 
deposits of the llinnan Period w’ith some of the later pliaso^ of flie jee 
Age in the west of th trope. 

Pr i ck-Karth s. — In sotm^ r(‘gions tlnit have* not been belou the ..»*a 
fora long period, a, variable a.eenmulation <»f loani has been formed on the 
surface from tlu‘. d(‘.coinposition of the roeks in s/V//, ai<led by tin* ilrifting 
of fine ])articles by wind and tln^ gjoitle washing a<'lion (/f rain and 
occasiotjaJly of streams. Sonn? of t.liese briekearths m* hnmty are <(f 
high anti(juity, for they ha\e l)(‘.en buried under llu\ialili' depo 
which must have h(‘.(?n la.id down wlnm the rivers flowed far a!>o\e lindr 
present levels, ddicy hav<*. yi(‘l(h?d tra,(a's of matt as.«ioeiated with bimos 
of extinct mammals. 

Cavtirn I)(‘.posits. — .Most ealcai*eous di.'^triets abojind in under 
ground ttinnels and cavtirns, as well a.s in fissures op«*ni}ig on the , uniirf 
of tin; ground, wdiieh have Ixam dissolved by tin* pa.-sage of wati-r fjom 
above (p. 177). Wdnnx? a. ga,ping chasm has eomntunieaf ed with fin* 
surface., land animals during suecc.ssivt? gem'rations for Inuafn'd <>f yc.n 
bav(i fallen into them, unt.il tin? fissure has b(‘en fillet] tip with r.trm r 
and detritus wash(,?<I in from alxivt*.-' W’here, on tin* other hami, eavt*-. 

have ofrer(?d phices of r(?treat, they b(*en used a.^ den bv atiima!,; 

aTid as (hvellings by man himself. Tb<? floors of sm*b ea\ ern are not 
infreqiKiiitly covered with a. reddish or brownidt hiam or rave ratlin 
resulting cither from tin? insoluhle. residue of the roek lef' brhind b\- 
the water that fonn(?il the cav(?rns by st>}ution, or* frtmi the depodf of ili 
caaried by the wate.r, wduch in some cases ha.s <'(*rtaittly fh*wed flotaivh 
these passages. V'ery commonly a di^iosil of stalagmite h.'o foimrd fri.m 
tlio drip of the roof above the eavtt eart.h. Ileiiet* any organie rrmain*; 
which may have found tlu?ir way to these floors have bemj sealed tip a, ml 
admiralily pr(?scrved. 

Calcareous Tufas. — Tin? (h'posit.s of cah*are«>trs .‘spring- have fmir 
times prcs(?rve(l remains of the flora arnl fauna eonteinp(»rane»ni ; with the 
early human inhahita.nts of a eountry. In Kuiope, among the mor»‘ 
eelehrated of these de])o.sits are those of ('annstadt in \\'urtf*nd»n! ?, whieh 

^ E. T. Newton, ‘On a Htinaui Sktill ami fainfrhoiic.s in Uala'ofiilur HjI!, 

Kent,’ p. ,/. O'. li. (1S05), p. 5u5. 

- For e.vamples see pp. 109i, 1237, VZUG, 
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have yielded specimens- of twenty-nine species of j)lants, consisting of 
oaks, poplars, maples, walnuts, and other trees still living in the surround- 
ing country, l)ut with the remains of the extinct mammoth ; and of La 
Celle, near Moret, in the valley of the Seine. 

Loess. — The physical characters and probable ^olian origin of this 
remarkable deposit having been already mentioned (p. 439), we may now 
consider it in reference to its place in geological history. In Central 
Europe it covers a wide area. Eeginning on the French coast at San- 
gatte, it sweeps eastward across the north of France and Belgium (Hes- 
bayan loam), tilling up the lower depressions of the Ardennes, passing 
far up the valleys of the Khine and its tributaries, the Necker, Main, and 
Lahr • likewise those of the Elbe above Meissen, the Weser, Mulde, and 
Saale, the Upper Oder and the Vistula. Spreading across Upper Silesia, 
it sweeps eastward over the plains of Boland and Southern Itussia, where 
it forms the su])stratum of the Tschernozom or black-earth. It extends 
into Bohemia, Moravia, Hungary, Gallicia, Transylvania, and Eoumania, 
sweeping far up into the Carpathians, 'where it reaches heights of 2000 
and, it is said, even 4000 or 5000 feet above the sea. It has not been 
observed on the low Germanic plains south of the Baltic, nor south of 
Central France and the Alpine chain. Though thickest in the valleys 
(100 feet or more), it is not confined to them, but spreads over the 
plateaux and rises far up the flanks of the uplands. Hear its edge, 
where it abuts against higher ground, it contains layers or patches of 
angular del>i*is, but elsewhere it jmeserves a remarkalde uniformity of 
texture. 

In the United States the loess presents some differences from its 
European development. It is widely distributed in the great l)asin of 
the Mississippi, where it more especially keeps to the valleys, being 
thickest, coarsest, and most typical in the bluffs bordering the rivers and 
shading away from these places into finer material, a feature which 
suggests that in some Avay the deposit 'was connected with the operations 
of the great streams. On the other hand, it has a vertical range of not 
far short of 1000 feet, e\^en wu'thin 20 miles may rise to 500 or 700 feet, 
and crosses the w^iter-sheds, features for the explanation of which we 
can hardly suppose the great rivers to have been so flooded as to unite 
their waters over the dividing ridge and form a flood many hundred feet 
deep. There appears to be a close relation between the distribution of 
the loess and the edge of the former ice -sheet, suggesting that the 
deposit was connected with the ice. Again, it has been ascertained that 
there have been more than one interval during which loess has been 
formed, for it has l)een found in Wisconsin and elsewhere, sometimes 
with a thick soil on its upper surface, buried under till. It would thus 
appear that the causes which produced this singular deposit can be traced 
back into the Glacial jjeriod.^ 

The European loess is sometimes found resting on gravels containing 
remains of the mammoth. It may be observed to shade off into more 

^ III North America, as in Europe the loess has given rise to much discussion. See 
tlie papers cited on pp. 4-40, 1361, 
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recent alluvial accumulations. On this continent also, it is probably not 
all of one age, but has been deposited at many different heights during 
a prolonged period, beginning during a dry, cold interval of the Ice 
Age, and continuing until long after man had come upon the scene. 
Though on the whole not rich in fossils, the loess has yielded a peculiar 
fauna, which singularly confirms Eichthofen’s view that the deposit was a 
subaerial one. In the first place, the shells found in it are almost with- 
out exception of terrestrial species. Out of 211,968 specimens from the 
loess of the Ehine, Braun found only one brackish and three fresh-water 
forms, Lwinmt and PlanorUs, of which there were only 32 specimens in 
all. Of the rest, there were 98,502 examples of two species of Succinm, 
an amphibious genus, and 113,434 specimens belonging to 25 species 
of PMh\ P'upa^ Claiisilia, PuUmus, Umax, and Yitrina — umpiestionable 
terrestrial forms.^ It is worthy of note that Helices and Succineas 
abound at present in the steppe-regions of Central Asia, and that many 
of the species of loess mollusks are now living in East Eussia, south- 
west Siberia, and on the prairies of the Little Missouri in North America.- 
The abundant mollusks in the loess of Iowa and Nebraska are all land 
and fresh-water shells belonging to species still living in the region.'"" 

From various parts of the European loess. Dr. Nehring has described 
a remarkable assemblage of animals, which included a jer1)oa (Alacfaf/a 
jaculus), marmots {Speniiophilus, several species), Ardomi/s hohac, tailless 
hare {Lagoinys numerous species of Arvkola, (JrictLns friniitntariu^, 

(L phceus, porcupine (Hysfrix hlrsidirostrk), wild horses, and antelopes 
{Aniilojye saiga). This fauna, excepting some extinct or extirpated 
species, is identical with that which now lives in the south - east 
European and south-west Siberian steppes.'^ Besides these distinctively 
steppe animals the loess contains numerous remains of the mammoth 
and woolly rhinoceros, likewise bones of the musk-sheep, hare, wolf, 
stoat, &c. It has also yielded Hint implements of Palieolithic types. 
The bones of man himself were claimed many years ago by Ami Bou6 
to have been found in the loess, and his opinion has been in some 
measure strengthened by more recent observations. 

As already stated (p. 440), the problem of the loess lias given rise to 
much discussion. It has been regarded by some writers as the deposit 
of a vast series of lakes ; by others as the mud left by swollen rivers dis- 
charged from melting ice-fields ; ^ by others as a sediment ^vashed over 

^ Zeitsch. fiir die gesamviL JS’citurwiss. xl. p. 45, us (pioted by H. H. Howortli, (kvl, 
Mag. 1882, li 14. 

- A. Nehring, <kol. Mag. 1883, p. 57 ; Mcuefi Jaluh. 1889, p. 66; ‘ Uelier Tundren 
mid Steppeii,’ Berlin, 1890. 

B. Sliimeh, PlCJ). Iowa Acad. Scl. 1897. 

Nehring, Gcol. Mag. 1883, p. 51, where a reference to this author’s imnierons inenioirs 
on tlie sul,\ject will lie found. See also J. N. Woldrich on the Steppe taiina, Nmcs Jakrh. 
1897, ii. p. 159, and Nehring in same vol. p. 220. 

This view has been well expressed by Messrs. Chamberlin and Salisbury (6/A A an. 
Pep. U.S. G. S. 1885, and papers in Journ. Geol. since 1892), and by Mr. M‘Gee (11 /A A nn. 
Picp. U.S. O. S. 1891). See also the writings of Prof. Calvin and his associates in the Rep. 
Geol. Sk7'v. Iowa, and of Prof. Winchell and Mr. Upham in the Rep. Geol Sure. Minnefiota. 
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tlir. snrfa.ce of tlui IiiikI J>y an abundant I'ainfalh The remarkably 
unstrat itie,<l clKirantnr of tbe loess as a whole, its uniformity in fineness 
of "Hun, the yernn'al a.l>.s(‘n<*<^ of coarse fragments, except along its 
inarnn, tli(‘V might Ik^ <*x|)ec.te<I, its singular independence of tbe 

under! ving {‘ontour of the ground, and tin*, almost total absence in it of 
tluvi:it'ih‘- or la<*ust rine sln^lls, seem to indicate that it cannot, as a whole, 
have, heim laid down by riv(n’s or lakes, though it may, to a greater or 
l(‘ss extent, liavt^ lH‘(m di‘rive.d fr<»m tb(‘. desie.cation and abelian transport 
of th(‘ tine. .>erliment .s})reiul out., on tb(i Hood-plains of glacial rivers. Its 
int(U’n;d eoni|)'>sit ion, tin? thoroughly oxidisecl condition of its ferruginous 
('onstitmmts, it s distribution, and 
the striking (dia.raetur of its en 
<*losi‘d organic remains, ])oint to 
its having been <*hie{ly aecuniu- 
lated ill tin‘ open aii’, probably 

in cireumstarwes similar to those 

whieli now pi’evail in th<^ <Irv 
stiippe n‘gions of the ghdie. It. 
appears t<> mark or mmv 

arid iiiteiaals after the Indght 
of the tdaeial Period had passed 
a.wav, when, whilst the climate 
stilT rmnaiimd cold and ^ the 
Arctic fauna had rmt entirely 
re.treated to the north, a seri<‘s 
of gra.'sy and du-.ty^ Ueppe.s 
swept aen>-.< tin* lieai’t of lbirop«\ 

Asia, and North Ann-rioa.* 

Pala-olithie hbiuna. 'Hie 
mannnalian remains found in 
Paheolithie depodt - are re 
inarkahle for a mixture of 
forms from warmer ami eoldej 
latitudes dmilar to 
It. has been inf»Ti*et 
selves referable to 
iiief*! with a number 
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tliat already not.cil among the interglacial beds, 
i. iinlri.<l. tl'liU. tliii I’aliuolitbic gravels are them- 
iiil b)u tlio one^ liaiul, rve 
(if .-iiribi'.i Ilf wuriiier hiihitat, a.s the lion, h3iiena, 
|,.„I,ar.l, .-uiil eall'cr cat; and, in the loess, the 
. .. I.v l'"i' I'"' l"l•~ "f (^liiiuuuul apiilii-il l.y Nelirmg 

, . d-lv l..||.l.ll•|l liv V-'i'igMs (sw, lor cxampli., It Hei-h oVo?. 

’/ .< •n'ii I'd, |i. r.iil; Nlviii. INlCi, 1'- 3.W, Natural 

■" s vv Uviinl. /Vor. Z.ml. .SV. LS'MI, p. 013. T. F. 

Ml aliovo, ll.ry l.avr not l.een nnivorsally 
.'or- ll. it 'Milrr ill 'Utltr. 111 . ways 1ms lioou oonceniMl m tlie 

.1 . ■ l•r.•l,i tori,- Ho. P- 1 ; n<l>- '•.rtt- If A. 

. I, /. iV W,. Dratarh. tlrnl. OV.s-. x.x.'iviu. (188e) p. o-io. 

^ , • . I p. ; tin* of ClunuterUu, balisuuiy, 

;r. <1 ..o.,-! i*y 'A. fi't-'Hii dVeL xxxi. )). ‘ia) lUi'l other 
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assemblage of forms above referred to as that which still characterises 
the warm dry steppes of south-eastern Europe and southern Siberia. 



But, on the other hand, a large number of the forms are northern, such 
as the glutton (Gido luscus), Arctic fox (Canis lagojms), reindeer {Ilanffifer 
tarandus), Alpine hare (Lepiis niriabilis), ISTorwegian lemming {My odes 
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torquafus), Arctic lemming (71/. lernmus, 71/ ohensk)^ marmot {Ardomys 
niarmotta), Eussian vole (Microhis raMicq)s), musk-sheep (Odbos moschatus), 
snowy-owl {Stryx nydea). There is likewise a proportion of now wholly 
extinct animals, which include the Irish elk (fiervus giganteus or Alegaceros 
kihernicus), El&phns gyAnigeuius (mammoth), E. antiqiius, PJiinoceros mega- 
rhinus^ IL antiquitatis (tichorhimis) (woolly rhinoceros), 7?. leptorJiinus, and 
cave-1)ear ( Uo'sus spelmm). 

The Palaeolithic fauna has been divided into three sections, each 
supposed to correspond with a distinct period of time : 1st, the Age of 
Elephas atdiquus, with which species are associated llhinoceros viegarhmus 
(AlercHi) and Hip popota urns ampJdInm {major), 2nd, The Age of the 
mammoth, with the woolly rhinoceros, cave-bear, and cave-hysena. 3rdy 
The Age of the reindeer, when that animal passed in great numbers across 
Central Europe. But, as already stated, such subdivisions are admittedly 
artificial, and siiould only be used as provisional aids in the comparison of 
deposits which cannot be tested by the law of superposition. 

That man was contemporary with these various extinct animals is 
proved by the frequent occurrence of undoubtedly human implements, 
formed of roughly chipped hints, c'hc., associated with their bones. 
Much more rarely, portions of human skeletons have been recovered 
from the same deposits. The men of the time appear to have camped 
in rock shelters and caves, and to have lived by fishing and by hunting 
the reindeer, ])ison, horse, mammoth, rhinoceros, cave-bear, and other 
animals. That they were not without some kind of culture is shown 
by the vigorous incised sketches and carvings which they have left 
behind on reindeer antlers, mammoth tusks (Fig. 497), and other bones 
depicting the animals with which they were daily familiar. Some of 
these drawings are especially valuable, as they represent forms of life 
long ago extinct, such as the mammoth and cave-bear. Again, from the 
walls of a cave at Font-de-Gaume, near Eyzies in Dordogne, MM. 
Capital! and Breuil have brought to notice no fewer than eighty frescoes 
with incised outlines, and painted in tints of red and brown. Forty- 
nine of these represent Ihsons, which are drawn with great vigour. 
Among the paintings are those of two reindeer.^ The men who in 
Palaeolithic time inhal)ited the caves of Europe must have had much 
similarity, if not actual kinship, to the modern Eskimos. 

Neolithio. — The deposits whence the history of Neolithic man is 
compiled must vary widely in age. Some of them wmre no doubt 
contemporaneous with |)arts of the Pala3olithic series, others with 
the Bronze and Iron series.- They consist of cavern deposits, alluvial 
accumulations, peat-mosses, lake-bottoms, pile-dwellings, and shell-mounds. 

^ Compt. rciid. cxxxiv. (1902), ]). 1536, where four of the frescoes are Tei)roduce(3. 

- It has generally been as.suiited that there is a hiatus between the records of the 
Palieolithic and those of tlie Neolithic ages, though some writers (as Mr. J. Allen Brown, Joirni. 
Anthrop. I/i.sfii. 1892) have eoiiteiided for their continuity. There is certainly no 
convincing evidence of any serious interruption. M. Piette has found at Mas d’Azil (Ariege) 
what he regards as evidence that bridges over this supposed gap. At that locality a lied of 
cinders containing Magdalenian types of iinplciuent is overlain liy a layer full of raildled 
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The list of mammals, I'cc., inhabiting Kuro|)e during Ntiolithic is 
distinguished from that of Paheolithic time by the abseiie** of tln‘ 
mammoth, woolly rhinoceros, and other extinct types, which a,p|H‘;ir 
to have meanwhile died out in Europe. The only form now loxtinc!. 
which appears to have survived into Neolithic time was tlui Irish edv, 
which may have continued to live until a comparatively hite dated I In* 
general assemblage of animals was proliably niucli wha,t it has Ixaui 
during the period of history, but with a few forms wliich liave. dis 
appeared from most of Europe either within oi‘ shortly Ixdoin* the 
historic period, such as the reindeer, elk, urus, grizzly l)ear, hrowii licar, 
wolf, wild hoar, and heaver. But ])csid<is these wild animals then* are 
remains of domesticated forms introduced l>y the race which supplanted 



Fi}". -I'.iS. — .Xftolithic Stone Implcinfiil. 


the Paheolithic tribes. These are the dog, horse, sh(*(‘[), goat, short hoi'n, 
and hog. It is noteworthy that these <lomestic forms we, re not parts of 
the indigenous fauna of Europe. They appear at once in tin*. Neolithic 
deposits, leading to the inference that they were introducixl by tin* 
human tribes which now migrated, probably from Penlral Ada, into 
the European continent. These trilies were likiiwisi^ ac(pia.int(‘d willi 
agriculture, for several kinds of grain, as well as seeds of fruits, have 
been found in their lake-dwellings; and the deduction has been drawn 
from these remains that the plants must have* been hrouglit from 

pebbles (like those of some kitchen niiddeus) without any trace ul‘ the reindeer, which i ^ 
supposed to have become extinct in the rej^doii. but with reinaiiis <it' reil deer, wild bi.ar, ox, 
and beaver, jaws and vertehne of fislies, and numerous harpoons wit li whieli l.he enriy men 
fished ill the neighbouring river Arise. A considerable number of trnees of fruits uiKl seed, 
have likewise been obtained, including the oak, hawtlioru, hla(dv tlioni, hlheil. ele...timt, 
cherry, plum, walnut, and wheat. Bull. Ei>r-. Aulfim/,. lSh.5, E Anthm/mlittfir, vii, 

’ Geol. Mag. 1881, i>. 354 ; Nature, xxvi. p. 24 d. 
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Southern Europe or Asia. The arts of spinning, weaving, and pottery- 
making were also known to these peojjle. Human skeletons and bones 
belonging to this age have been met with abundantly in barrows and 
peat-mosses, and indicate that Neolithic man was of small stature, wuth a 

long or oval skull. . ^ i i • 

"The history of the Bronze and Iron Ages in Europe is told in great 
fulness, but belongs more fittingly to the domain of the archaeologist, 
who claims as his proper field of research the history of man upon the 
o-lobe. The remains from which the record of these ages is compiled are 
objects of human manufacture, graves, cairns, sculptured stones, &c.^ 
and their relative dates have in most cases to be decided, not upon 



a Stone axe-head (p ; l>, Barbed (linl arrow-head (natural size); r, RouKldy-cliippnd Unit T) ^ 
Polished folL (i), with part of its ori-imil wooden hand still attached loui id m a pea - jo^, 
laud; r, Houe-needh* (natural size), Swiss Lake Dwellin-s ; a, h, v, d, reduced Iroiu hu .1. L\aus.. 
“Ancient Stone Iniplenicnls.” 


geolot'ical, but upon archtcological grounds. When the sequence of 
human relics cun Ijc shown by the order in which they have been 
successively entombed, the inquiry is strictly geological, and pe 
rea.soning is as logical and trustworthy as in the case of any other 
kind of fo.s.sils. W^hcre, on the other hand, as so often happens, the 
question of antiquity has to he decided solely hy relative finish and 
artistic character of workmanship, it must be left to the experience 
antiquary. 

^ 2. Local Development. 

A few examples of the nature of the deposits of the I'aheolithie and Neolithic series 
ii, differeut parts of the world will sutlioe to show the general character of the evidence 
which tliey sujiply. 


I3r)8 
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Britain. — ralteolithio deposits aic absent, from tlir^ imrtli of ami fnnu 

Scotland. Tliey occur iu the south of En.e;l;ind, and iio(n,l)ly in fhe valley of (be, 
Thames. In that district, a series of l»ri(!k-(‘a,r(bs willi intercalated bands (»r liver- 
gravel, having a united l.liiclvne.ss of more, than 2a feet, is overlain wit h a reitiarlc.ildc 
bed of clay, loam, and gravel (“trail”), tlircf^ feet or nn»nj in thhdvness, whieb in its 
contorted bedding and large a.ngu]ar blo«’ks pr<d)a,bly l)ears witne.s.s f<» its iiaving been 
accuinulated during a time of lloating ice. Tlni sti’ata b(d<»\v this ju esinna.i d y ghu ial 
■deposit have yielded a remarkable mnnbe.r of niainmalian bones, ajiiong which have 
been found undoubted human implennmts of ehipj>ed tlint. The speeir , include 
Rh/ijiocG'Tos leplorMnus, R. ((nfif/tfif.idis {/ic/ioj’Jiin iis), It. rlu Rh'iitut;: 

E. pi'iiiiigiviuiis, (Jr/nuis (fit/aiUcas {M/'fftfrrros hihrminfs}, t'/ti /iJt ruju'ru^ 

jL(ciuf/J}yr f((r((/mli(s, Ros tuunts va,r. hniijifrinis, Ros tis\ /listni E fin 

Ilymna croevta , Cania Iwpus^ sprlints, f/. (/rrios, ih'ihus //■.■, 11 iiympuhn/iuH 

(( niphibiita {NUtJifi'), ami ])res(Mit another c.x.'i.mphr of the mingling of mn-thern uith 
southern, and of extinct with still living forms, as W(d! as of s}if‘(des which have Imig 
'disaptxiared from IJiitaiii with others st.ill indigenous, (ttlier ancient alliu ia, far ahte.i- 
the pre.seiit levels of the rivers, have*, likewise fuimisl»e(l similar evidence that niati e(Ui- 
tiiiued to he the (;ontemi)orary in England of the northern rhim»eei(.s and mainnioth, 
the reindeer, griz/ly hear, browu hear, Irish (dk, hippopotamus, lion, and hy.ena. 

As an illustration of the re.lation of the implement hearing brick earth bxuun and 
.gravels to the glacial deposits, and thos(^ (•(mtaining remains of an Arefie Hora the 
following section, obta,in(!(l hy Mr. (1 Reid at. Iloxne. Sulfolk, whei<‘ tor more than n 
century numerous paheolitlac implements have been dug up, atfoeds interc.sting 
evidence as to the oscillations of (diinatc^ at tin* (d<»se of the ( dmdal, <»r hi'ginning of the 
Keeeiit Period.^ 

Bluish-green loam or hrick-eart.h and lannnate«l loams ( 1 1 feet . , 'riii-. depo df ban 
furnished the Hint implciiKUits, 1.og(U.h(n’ with hones of AV//o/v, Cru'ir;, Jit, ;, 
and uumerous sjuades of fresh- water slndls which are still livjne in lije 
neighbourhood. The climate indicated may liave i»ecn much !ii,e fJiat **f the 
present time. 

Fine gravel (2 or 3 f<;e.i), yicddiiig worked Hints and impli-meiit .. 

Black earth (13 feet), c.onsisting (»f carhonaecdu;. loam, .vaml, and v«s'etah|.' mafter, 
with no implements or remains of the larm* mammals but with h ti b-mt . 
.scattered fresh-water .slid Is, and abundant leaves beioiadn.g to thr»'e ^p<Tj« ,,t 
dwarf Areti(J willow, more rarely to tier dwarf Arctic bire.h, indicating on f he 
whole an Arctic or high Aljiiiie Hora. 

Lignite (1 to 3 feet), made up of plants of temjierate eharaelcr. ineludin ' .'tf : pem-'i 
of Howeriiig plants .still living in the. district. 

Lacustrine clay (about 20 feet), containing remains of fresli water ti he^ and bell ,, 
with leave.s and various fragments of mar.slidoving uml otlier plant s «d i. nipeiati- 
type. 

The caverns iu the Devonian, Carboniferous, and .Magnesian iitne.stoTies of Knglind 
have yielded abundant relies of the. same pndiistorie fauna, with a *oriat,.,{ . .d' 

Palaiolithic man. In some of thc.se plaee.s, the low<*st deposit on the lltH.r ounf iiii rude 
flint implements of the .same type as tbo.se foumi in the oldest rim grav* I while 
othens of a more finished kind oee.ur in overlying deposit.s, winmee fli*- infeiem e has 
been drawn that the caverns were first tenanted by a savag<' race id" exf rmne j fidi ue .... 
■and afterwairls by men who bad made some advams' in the arts i»f lib*, 'rin* UHsmaalion 
■of bones .shows that when man had for a time retin-d, siiine of these eaven }« hya-na 
dens. Hy!enabone.s in girnt numbers have been fonml in them (remains lUi iv-ttrr 
than 300 individuals were taken out of tln^ Kirkdale. cave;, togi*fber with abundanf 
gnawed bones of the animals on which the hymnas i»reyed, ami (ptanlilii h ♦»! hyo na 
•excrement. Holes in the limestone opening to the surface {Hiukn, swallow Imh'. have 
.likewise become receptacles for the remains of many generatioriH of luiinmh wldi h fell 

^ Brit. Amir. 1896, p. 400. See also /*roc. Roy, Ror, Ixl, '181#7|, |». 
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into thoiii by a,c(ri(lcnl, (»r <*r;L\vb‘(l into ilitnii to dio. In a lisHure of the limestone near 
Castb'ton, Derbyshire, from a, si)a(*e. measuriii.'^ only 25 by IS feet, no fewer than 6800 
bones, tetdli, nr rra;i;ments of Imok^ weni obtnimjd, ehieily bison and reindeer, with bears, 
wolves, l(jxfs and hares. ' The bmi^M.h of time diiniif^ which some of the fissures in a lime- 
sUhk! <lisi!-iet may renniin o]>en as a trap for the entomlnnent of the land animals of the 
country is well illustrated by the. insl.ane.fi at Ightham, Kent, where among abundant 
remains of t he living fauna, (»f the. neighbourhood th(;re are found also those of a number 
whi«'h have long b(s-n absmit from Britain, sm.di as the wolf, Ijcar, and hyama, together 
with northern types lik(; the Arelie. lox and reindectr, and the long extinct mammoth. - 

France. — It was in the valley of the Somme, m',ar Abbeville, tliat Boucher de Perthes 
madt‘ the lirst observations wliieh b^d the w;iy to the recognition of the high antiquity of 
man upon the earth. That valley has he.en (U’odcd out of the Chalk, which rises to a 
Indglit of fi’om 200 to 200 bad, ahov(i the. modern river. Along its sides, far above the 
pHiseiit. alluvial plain, ai'c a, indent terraces of gra,v<.d and loam, formed at a time when 
the river tlowed at higher levels, 'flu' lowe.r t(u*race of gravel, with a covering of 
lino l loain, ranges from “Jii to 10 feet in thicknc.ss, while the higher hod is about 30 
fe(d, Sinee their foi mat ion, the Somme has eroded its channel down to its present 
licdloin. and may liav(‘ also diminished in voluim^, while the terraces liave, during the 
interval, here ;ind theia* sulfenMl from (leiimhition. Flint implements have been 
obtained from both tenaees, ami in gneit uundiers, associated with bones of mammoth, 
rhiiuH'i'ros, ainl otlu-r <'xt inet mammals (j». 1336). More recently a remarkable associa- 
tion tif worked Hints, with t.he. remains of JUrjthifu WJiruliontdis, E. autiqims, and E. 

have Ih-cii loiind in a halla.st"[»il in gravelly drift at Tillonx, near Gensac- 
la-Pallm*, Cliarciitc.'^ 

The (’avenis of the I )ordt>gm* and <)the,r regions of the south of France have yielded 
abundant, and varied evidence of tin*, coicxistimcc of man with the reindeer and other 
animals (dthe.r wholly extinel or no long<*.r indigenous. So numerous in particular are 
the reindeer remains, ami .s(» intiniaie. the association of traces of man with them, that 
Die Immi ‘‘ Iteiiideer period” lias heim proposed for the section of })rehistoric time to 
which these interesting relie.^ belong. The, art displayed in the implements found in 
j lie envi-rns appears to imlieate a emisiderabli^ advaiiei*. on that of the chipped flints of the 
Somme. Some of the pietnre.s of reindem- and mammoths, incised on hones of these 
ainiim!: , and tin* frescoes already immlioned, are .singularly spirited (Fig. 497). 

Germany. From various eavenis, particularly in the dolomite of Franconia 
'Mm^genslorl' Gailennmtb) and in llie De.vonian limestone of Westphalia and Rhirie- 
laml, remains of extinet mammals have been obtained, sometimo.s in great numbers, 
iiiebiding e.av«>-hear (o!' whi<di the. remains of HOO individiinhs have been taken out of the 
t biifenre'il h I'.Lve ■, byjena, lion, rhiiHHM*ro.s, and othens. .Frmn the cavern of Hohlefels 
in Sv abi.t remains <d’ elephants, rhinoiteroses, reind<?(!r, antelopi^s, horses, cave-bears, and 
othm- animals have been found, together with inb'.resting proofs of the contemporaneity 
of man, in the form of nide flint implements, axes of hone, or teeth and bones which he 
lim! bored throngli, or .split, open for tlnar marrow. At Schu.ssenried in the Swabian 
Saulgau, not far from the Lake of (jonstume, beneath a depo.sit of calcareous tufa 
eiird.idng land-.dtells, tlieiv is a peaty b.;d containing Arctic and Alpine mo.sses, together 

^ n,*yd Dawkins, ‘ Farly .Man in Britain,” p. 188. The reindeer has not been found 
ifi Hiieh ulmndanee in the ’Kimbdi laiv-rns as in tho.se of Southern France ; hut its bones 
have beni met. with in some nmnher in the old alluvium of the Thames valley. Q. J. G. 

1. f I H'iu , p. 161. 

" W. J. Lewi.s Atdtoll and K. T. Xe.wtoii, Q. ./. (>. E. 1. (1894), pp. 171-210 and Iv, 

^ LH'.iO p. TT.h 

•= M. Brmb*, vh {I89,5j, ]». 497. A voluminous memoir by M. Rutot, on 

the age '(d‘ deposits with worked Hints, in tln^ proviinm of Hainant, Belgium, will be found 
in liffl, E>h\ a Brnssels, xvii. (1899), 
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with ahuiidaiit remains of reindeer, also hones of the glutton, Arctic fox, brown fox, 
polar bear, horse, kc. While this truly Arctic assemblage of animals lived near the 
foot of the Alps, man also was their contempornry, as is shown by the presence, in tlie 
same deposit, of his flint implements, stones that have been blackened by lire, bones of 
the reindeer and horse that have Ijeen broken open for their marrow, needles of wood 
and bone, and balls of red pigment probably used for painting his bodyA 

Switzerland. — The lakes of Switzerland, as well as those of most other countries in 
Euro])e, have yielded in considerable numbers the relics of Neolithic man. Dwellings 
constructed of piles (‘^crannoges ” of Ireland) were built in the water out of arrow-shot 
from the shore. Partly from destruction by tire, partly from successive reconstructions, 
the bottom of the water at these places is strewn with a thick accumulation of debris, 
from which vast numbers of relics of the old po}»ulatiou have been recovered, revealing 
much of their mode of lifc.'-^ Some of these settlements probably date far back beyond 
the beginning of the historic period. Others belong to the Bronze, and to tlie Iron Age. 
The same site would no doubt be used for many generations, so tliat successive layers of 
relies of progressively later age would be deposited on the lake-bottom. It is believed 
tliat in some cases the lacustrine dwellings were still used in the first century of our era, 

Denmark. — Tlie tihell-moiUKh {Kjo/cken-ziukldimjcr), from 3 to 10 feet high, and some- 
times 1000 feet long, heaped u]) on various 2 >arts of the Danish coast-line, mark settle- 
ments of the Neolithic age. They are made up of refuse, chielly shells of mussels, 
cockles, oysters, and periwinkles, iniiigled with bones of the herring, cod, eel, lioundei', 
great aiik, wild duck, goose, wild swan, ca[)ercailzie, stag, roe, wild hoar, urus, lynx, 
wolf, wild cat, bear, seal, porpoise, dog, &c., with human tools of stone, bone, horn, or 
wood, fragments of rude pottery, charcoal, and cinders.'' 

The Danish ^leat -mosses have likewise furnished relics of the early human races in 
that region. They are from 20 to 30 feet thick, the lower portion coiitaiiiiiig remains 
of Scotch fir {Piniis sijlvcstj'is) and Neolithic iiiqilemeiits. This* tree has never been 
indigenous in the country within the historic ^leriod.’^ A higher layer of the peat 
contains remains of the common oak with bronze im [dements, while at the to^) come 
the beech-tree and weapons of iron.''’* 

Finland. — In Finland a study of the [leat-mosses, which cover about a fifth part 
of the surface of the country, has furnished a corresjionding record of the changes of 

^ 0, Fraas, At'chlv fwr Anilii'ojmhitjie, Brunswick, 1867. 

- Keller’s ‘ Lake Dwellings of Switzerland.’ 

J. J. Steenstrup, ‘Kjokken Muddinger,’ Co 2 )eiihageii, 1886. Similar mounds of fish- 
offal and whelk and other shells, mingled with broken pottery and other refuse, may be seen 
in course of accumulation at many fishing villages on the east coast of Scotland, wliere also 
prehistoric kitchen-middens have been found. 

^ An interesting discussion of the subject of the migration of the S 2 )ruce-fir into Scandin- 
avia by G. Anderssoii and R. Sernander will be found in the 14th vol. of (rcoL Form. Stock- 
hohn (1892), and in Bugler’s Botan. Jalirh. xv. (1892). The history of the Scaiidinaviau 
flora, and its bearing on changes of climate, have engaged much attention among the geologists 
of Sweden, Norway, and Finland, e.g. Natliorst, ^W. Form. fStockkolm, vii. Cf. Anderssoii, 
xiv. pp. 509-538 (an important resume of the subject) ; “ Studier blVer Finhuids Torfmossar.” 
Bull. Cum. UtoL Finlarule^ No. 8, 1898 (a detailed account of plants found in the Finnish 
peat -bogs, and a partial discussion of the geological history indicated Ijy tlieni). H. 
Hedstrom, (hoi. Foren. Stockholm, xv. (1893), [). 291 (on the former and present distribution 
of the hazel). R. Sernander, p. 345 (on the climate and vegetation of the Z'//^^yLi'tt-period). 
J. Helmhoe, xxii. (1900), p. 55 (a detailed account of sections of two peat-bogs in the 
Christiania district, with an eiiumeratiou of the plants in the several layers). G. Lagcrlieiiu, 
xxiii. (1901), p. 469 (a discussion of the rliizopods, &c., in Swedish and Fiimisli lacustrine 
deposits, including peat). J. J. Sederliolm, Ball. Com. Geol. Finlande, No. 10, p. 23. 

^ See Steenstrup’s “Kjukkeii Moddinger” ; Natliorst, Nature, 1889, p. 453. 
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climate as registered by tlie remains of the vegetation. At the bottom of the peat the 
Arctic willow, dwarf birch, and other plants betoken the continuance of a severe climate. 
Higher up come the relics of pine-trees. These in the southern districts were followed 
during the Littorina-\)evio([ by the oak, joined soon after by the spruce. That period, 
if w’e may judge from the evidence of the ])eat-mosses, was rather w’armer tlian the 
present, inasmuch as plants are found in these deposits wdiich now- live in more genial 
countries. In Norway a record of some of these changes in the ilora has been preserved 
ill deposits of calc-sinter.^ 

North America. — Prehistoric deposits are essentially the same on both sides of the 
Atlantic. In North America, as in Europe, no very definite lines can be drawn within 
which they should be conlined. Tliey cannot be sharjdy .sejjarated from the Champlain 
series on the one hand, nor from modern accumulations on the other. Besides the 
marshes, peat-bogs, and other organic dejiosits which belong to an early period in the 
human occu])ation of America, some of the younger alluvia of the river-valleys and 
lakes can no doubt claim a high antiquity, though they have not supplied the same 
copious evidence of early man which gives so much interest to the corresponding 
European formations. From the peaf-bogs of the eastern States, and from the older 
alluvium of the IMissouri River, the remains of the gigantic mastodon have been obtained. 
There have likewise been found bones of reindeer, elk, bison, beaver, horse (six species), 
lion, and bear ; while southwards those of extinct sloths (Jl^/odon, Megatherium) make 
their appearance. In California, from the deep auriferous gravels remains of mastodon 
and other extinct animals have been met with, also human bones, stone spear-heads’ 
mortars, and other ini [dements. Professor Whitney de.scribed the famous Calaveras skull 
as occurring at a depth of 120 foot in undisturbed gravel whieh is -covered with a sheet 
of basalt. If genuine, the sjx'cirnen, with the human w'orks of art said to occur in the 
same de])Osits, would indicate the existence of man, [lerhajis as advanced in some 
res[)ects as the modern Indian tribes of the same region, in Pliocene or Miocene time. 
The validity of these remains, however, has been strongly contested, and on the ’i^diole tlic 
balance of evidence seems to be against them. Human skeletons and stone implements 
have been exhumed from the loe.ss and other quaternary deposits in a number of places 
in the United States, and the inference has been drawn from them by some observers 
that man existed in North America during the later stages of the Ice Age. Other 
■writers, liowever, have disputed this conclusion, contending that the siqiposed inclusion 
of the remains in the loess is deoejitive, that they really belong to a much later time, 
and that in other cases the implements, thought to have been evidence of early man, 
were the work of modern liidians.- 

1 Axel Blytt, Engle lintan. Jahrh. xvi. (1892), ii. Beiblatt, No. 36. 

- J. D. Whitney, Mem. (Jvmpar. ZoaL llarrtml vi. (1880). The evidence adduced 
in supi)ort of the great antiquity of man in America, and his contemporaneity with the 
Mastodon and other extinct animals, is summarised hy the Marquis do Nadailhie in his 
* L’Amcrique Prehistori(iue ’ (translated by N. d’Anver.s, 1885). The controversy ovei” the 
Calaveras skull is summed up l)y W. H. Holmes, Smilhsnnia'n RcgmH for 1899, pp. 419- 
472, with 16 [dates. More recent and perhaps less doubtful proof of palaiolithic man has 
been cited from the gravels of the Delaware River at Trenton, of the Miami River in 
Southei'ii, Ohio, and of the Mississipj)! at Little Palls, Minnesota. On the side of the 
antiquity of man, see H. C. Lewis, J^roc. Min. (JiujL Sed. Acad. Philaddpliia.., 1879 ; P. W. 
Putnain 0. C. Abbott, (L F. Wright, W. Upham, &c., on Ihdieolithic man in eastern and 
eentral North America, Pnjc. Jio.slnn Sac. Nat. If id, xxiii. (1888), p. 421 ; G. F. Wright, 

‘ Ice Age in North Atuerica,’ and ‘ Man in the Glacial Period’ (1802), also Pagyidar Science. 
Manthlg, May 1893, and recent [lupers by W. U[)ham, Amer. Geol. 1902, 1903. On the 
other side, consult especially the paper.s of W. H. IIolnie.s and T. C. Ohamherliii. The 
latest example of dispute<l evidence is that of the human skeleton said to have l>eeu exhumed 
from undisturbed loess at Lansing, Kansas. This exanqile, fully described by Mr. Upham 
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Heaps of shells of edible species, like those of Denmark, occur on the coasts of Nova 
Scotia, Maine, kc. The large mounds of artificial origin in the Mississippi valley have 
excited much attention. The early arclmeology of these regions is full of interest. 

In South America, the loams of the Pampas have furnished abundant remains of 
horses, tapirs, lamas, mastodons, -wolves, panthers, wdth gigantic extinct sloths and 
armadillos {Megatherium, Gliiptodoii)G 

Australasia. — No line can he drawn in this region between accumulations of the 
present time and those which have been called Pleistocene. The modern alluvia have 
been formed under similar conditions to those under which the older alluvia were laid 
down, though possibly with some differences of climate. In New Soutli Wales, ossiferous 
caverns contain bones of some of the extinct marsupial animals mentioned on p. 1299 
mingled -with those of some of the sjiecies which are still living in the same places. 
In one locality in the same colony, in sinking a w-ell, teeth of crocodiles were found with 
bones of D'qrrotodon, &c. No human remains have yet been found associated with 
those of the extinct animals ; Imt a stone hatchet was taken out of alluvium at a depth 
of 14 feet.'^ 

In New Zealand, the most interesting feature in the younger geological accumula- 
tions is the presence of the bones of the large bird Linornis, which has become extinct 
since the Maoris peopled the islands. The evidences of the human occupation of the 
country are confined to the surface-soil, shelter-caves, and sand-dunes.’' 


«aiid Prof. Winchell, is regarded by them as proof of the contemporaneity of man with the ■ 

later phases of the Ice Age in the Mis.souri Valley {Amer. Geol. xxx. 1902, pp. 135, 189 ; 
xxxi. 1903, p. 25). On the other hand, a careful scrutiny of the locality by Professors i 

Holmes, Chainl;)erliu, Calvin, and Sali.sbury has led them to consider the overlying deposit as 
not loess, but a iiiucli younger and po.st-glacial alluvium {Journ. GenL x., 1902, p. 745). 

It would appear, moreover, that the age of such deposits cannot be determined from the | 

character of the human handiwork found in them, since Mr. Holmes has shown that implements 
of Paheozoic type continued to he made by the aboriginal inhabitants of Indian Territory, 
and the very quarry from which they obtained their material has been found, together with 
specimens of their various implements, in different stages of preparation. ‘"An Ancient 
Quarry in Indian Territory,” by W. H. Holme.s, Hep. Bureau, JUhnology, Wasliingtou, 1894. 

^ See Florentiiio Ameghino, ‘La Antiquedad del Hombre eii el Plata,’ where a good 
account of the Pampas country will l)e found. 

“ C. S. Wilkinson, ‘Notes on Geology of New South Wales,’ 1882, p. 59. 

^ Hector, ‘ Handbook of New Zealand,’ p. 25. 
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An investigation of the geological history of a country involves two 
distinct lines of irniuiry. W e may first consider the nature and arrange- 
ment of the rocks that underlie the surface, with a view to ascertain 
from them the successive changes in physical geography and in plant and 
animal life which they chronicle. But ]>esides the story of the rocks, we 
may try to trace that of the surface itself — the origin and vicissitudes of 
the mountains and plains, valleys and ravines, peaks, passes, and hike- 
basins which have been formed out of the rocks. The two inquiries 
traced backward merge into each other ; ])ut they become more and more 
distinct as they ar*e pursued towards later times. It is obvious, for 
instance, that a mass of marine limestone which rises into groups of hills, 
trenched by river-gorges and traversed by valleys, presents two sharply 
contrasted pictures to the mind. Looked at from the side of its origin, 
the rock brings before us a sea-bottom over which the relics of generations 
of a luxuriant marine calcareous fauna accumulated. We may be able to 
trace every bed, to mark with precision its organic contents, and to 
establish the ;ioological succession of which these superimposed sea- 
bottoms are the records. But we may be <|uite unable to explain how 
such sea-formed limestone came to stand as it now does, here towering 
into hills and ther(i sinking into valleys. The rocks and their contents 
form one subject oi study ; the history of their present scenery forms 
another. 

The branch of geological inquiry which deals with the evolution of 
the existing contour's of the dry land is termed Physiographical Geology. 
To ])e able to jmrsiic it profitably, some acquaintance with all the other 
branches of the science is i-equisite. Hence its consideration has been 
reserved for* this final division of the present work; but only a rapid 
summary can Ire attempted here.^ 

^ A p.o{)ious Inbliograpliy of this subject might now lie juepared, iu wliicli the successive 
(’ontributioiis of the various geological schools, from those of the early Italian writers down 
to tliose of Hutton and Playfair, would he enumerated. After the revival of interest in 
tills liraiich of inquiry in the latter half of last century, the earlier writings ruaiuly dealt 
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At the outset one or two fundamental facts may be stated. It is 
evident that the materials of the greater part of the dry land have been 
laid down upon the floor of the sea. That they now not only rise above 
the sea-level, but sweep upwards into the crests of lofty mountains, can 
only be explained l)y displacement. Thus the land owes its existence 
mainly to upheaval of the terrestrial crust, though it may have l)een to 
some extent increased and diminished by other causes {anU^ p. 377 et seq.). 
The same sedimentary materials which demonstrate the fact of displacement, 
alford an indication of its nature and amount. Having been laid down 
in wide sheets on the sea-bottom, they must have been originally, on the 
whole, level or at least only gently inclined. Any serious departure 
from this original position must therefore be the effect of displacement, 
so that stratification forms a kind of datum-line from which such effects 
may be measured. 

Further, it is not less apparent that sedimentary rocks, besides having 
suffered from disturl)ance of the crust, have undergone extensive denuda- 
tion. Even in tracts where they remain horizontal, they have l)een 
carved into wide valleys. Their detached outliers stand out upon the 
plains as memorials of what has been removed. Where, on the other 
hand, they have been thrown into inclined positions, the truncation of 
their strata at the surface points to the same universal degradation. 
Here, again, the lines of stratification may be used, as on denuded anti- 
clines, to measure approximately the amount of rock which has been worn 
away. 

While, therefore, it is true that, taken as a whole, the dry land of 
the globe owes its existence to upheaval, it is not less true that its 
present contours are due largely to erosion. These two antagonistic 
forms of geological energy have been at work from the earliest times, and . 
the existing land vdth all its varied scenery is the result of their combined 
operation. Each has had its own characteristic task. Upheaval has, as 
it Avere, raised the rough block of marble, but erosion has carved that 
block into the graceful statue. 

The very rocks of which the land is built up bear witness to this 

with principles as displayed in concrete examples, hut are none the less important for 
their local origin, and they paved the way for more general treatises. The following list 
comprises only a few of tlie works that might be cited: A. 0. Ramsay, ‘The Physical 
Geology and Geography of Great Britain,’ 1863 ; sixth edit, edited by H. B. Woodward 
1894. A. G., ‘The Scenery of Scotland viewed in coiiiiectioii with its Physical Geology,’ 
1865 ; fourth edit. 1901 ; a sketch of the physiography of the British Isles, yatv.rc, xxix. 
(1884), pp. 325, 347, 396, 419, 442. E. Hull, ‘The Physical Geology and Geography 
of Ireland,’ 1878; second edit. 1891. J. Lubbock (Lord Avebury), ‘The Scenery of 
Switzerland,’ 1896 ; ‘The Scenery of England,’ 1902. G. de la Noe and E. de Margerie, 

‘ Les Formes dii Terrain,’ Paris, 1888. A. Penck, ‘Morphologie der Erdoherfiaclie,’ 2 vols. 
Stuttgart, 1894. E. Suess, ‘Antlitzder Erde ’ and its French translation, ‘ La Face de la 
Terre.’ T. Mellard Reade, ‘ Origin of Mountain Ranges.’ W. M. Davis, ‘ Physical Geogi‘apliy,’ 
Bo.ston, U.S.A. 1898. J. Geikie, ‘Earth Sculpture.’ J. E. Marr, ‘The Scientific Study 
of Scenery,’ 1900. Numerous papei^ discussing parts or the whole of the sul)jcct will be 
found in the scientific journals of the last thirty years, to some of wliich reference will 
be made in later pages. 
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intimate co-operation of hypogene and epigene agency. The younger 
stratified formations have been to a large extent derived from the waste 
of the older, the same mineral ingredients being used over and over 
again. This could not have happened but for repeated uplifts, whereby 
the sedimentary accumulations of the sea-fioor were brought within reach 
of the denuding agents. Moreover, the internal characters of the great 
majority of these formations point unmistakably to deposition in com- 
paratively shallow water. Their abundant intercalations of fine and 
coarse materials, their constant variety of mineral composition, their sun- 
cracks, ripple-marks, rain-pittings, and worm -tracks, their numerous 
unconformal)ilities and traces of terrestrial surfaces, together with the 
prevalent facies of their organic contents, combine to demonstrate that 
the main mass of the sedimentary rocks of the earth’s crust was accumu- 
lated not far from land, and that no trace of really abysmal deposits, 
comparable to those of the deep ocean basins of the present day, has yet 
been found among them. From these considerations we are led up to the 
conclusion that the present continental areas must have been terrestrial 
regions of the earth’s surface from a remote geological period. Subject 
to repeated oscillations, so that one tract after another has disappeared 
and reappeared from beneath the sea, the continents, though constantly 
varying in shape and size, have yet, I believe, maintained their 
individuality. We may infer, likewise, that the existing ocean-basins 
have probably always been the great depressions of the earth’s surface.^ 
As already stated (p. 394), it is the general belief among geologists 
that mainly to the effects of the secular contraction of our planet are the 
deformations and dislocations of the terrestrial crust to be ascribed. The 
cool outer shell is supposed to have sunk down upon the more rapidly 
contracting hot nucleus, the enormous lateral compression thereljy pro- 
duced having the effect of throwing the crust into undulations, and even 
into the most complicated corrugations.^ Hence, in the places where the 

^ See J. I). Dana, Am.er. Joimi. Sri. (2) ii. (1846) p. 352; “Geology” in ‘Wilkes, 
Exploring Expedition,’ 1849; Amer. Jovrn. RcL (2) xxii. (1856); ‘Manual of Geology,’ 
1863, and subsequent editions. Darwin, ‘Origin of 8])ecies,’ 1st edit. p. 343. L. Agassiz, 
BvlL iMus. Com.]). Zool. IS 69, vol. i. No. 13. J. D. Wliitney, Mem. Mus. Gomp. Zool. 
Jlcvroard., vii. No. 2, p. 210. Sec also Fmc. Roy. (hoyimph. Zac. new ser. i. (1879), p. 
422. The contrary view that land and sea have continually changed places over the 
surface of’ the glf)]je was held hy Lyell, and is .still maintained by some geologi.sis. For a 
.statement rif geologi(;al evidence in favour of tlie interchange of terrestrial and marine areas 
the stiuleiit may consult the memoirs of the late Profe.ssor Neumayr, cited on p. 1129. 
The opinion that land was once connected acro.s.s what are now wide and deep seas has 
been based by naturalists on the difliculty of otherwise accounting for the affinities between 
the faunas of <li.stant coiintrie.s such as that of South America with Australia and that of 
Madagascar witli Ceylon, It is quite credible, however, that in Arctic and possibly also in 
Antarctic regions there may have been more continuous land than at present (chains of 
islands and sliallow seas), acro.ss which in periods of mild polar climate there might be a 
migration of plants and animals without having recour.se to the suiDposition that the great 
ocean-basins were once crossed by masse.s of land. 

“ Tlie Rev. 0. Fisher, in his ‘ Phy.sics of the Earth’s Crust,’ maintains that the secular 
contraction of a solid globe throiigli mere cooling will not account for the observed 
phenomena. See cmfe, p. 66. 
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crust has yielded to the pressure, it must have been thickened, being 
folded or pushed over itself, or being perhaps thrown into double bulges, 
one portion of which rises into the air while the corresponding portion 
descends into the interior, as suggested by Mr. Fisher, who believes that 
such a downward bulging of the lighter materials of the crust into 
a heavier substratum underneath the great mountain-uplifts of the surface 
is indicated by the observed diminution in the normal rate of augmen- 
tation of earth -temperature beneath mountains,^ and by the lessened 
deflection of the 2 dumb-line in the same regions. 

The close connection between U23heaval and denudation on the one 
hand and depression and deposition on the other has often been remarked, 
and striking examples of it have been gathered from all j^arts of the 
woidd. It is a familiar fact that along the central and highest 23arts 
of a mountain chain, the oldest strata have been laid bare after the re- 
moval of an enormous thickness of later deposits. The same region still 
remains high ground, even after prolonged denudation. Again, in areas 
where thick accumulations of sedimentary material have taken place, 
there has always been contemporaneous subsidence which, as the strata 
have generally been deposits of shallow water, was necessary for their 
continued deposition. So close and constant is this relationship, as to 
have suggested the doctr-ine of ‘‘ isostasy,’’ that is, the belief that denuda- 
tion by unloading the crust allows it to rise, while deposition l)y loading 
it causes it to sink (ante, p. 396). 

It is evident that in the results of terrestrial contraction on the 
surface of the whole j^lanet, subsidence must always have been in excess 
of upheaval — that in fact upheaval has only occurred locally over areas 
where portions of the crust have been ridged up by the enormous 
tangential thrust of adjacent subsiding regions. The tracts which have 
thus been, as it were, squeezed out under the strain of contraction have 
been weaker parts of the crust, and have usually been made use of again 
and again during geological time. They form the terrestrial regions of 
the earth’s surface. Thus, the continents as we now find them are the 
result of many successive uplifts, corresponding probably to concomitant 
depressions of the ocean bed. In the long process of contraction, the 
earth has not contracted uniformly and equably. There have l^een, no 
doubt, vast periods during which no apj)reciable or only excessively 
gradual movements took place ; but' there have probably also been 
intervals when the accumulated strain on the crust found relief in more 
or less rapid collapse. 

The general result of such terrestrial disturbances has been to throw 
the crust of the earth into wave-like undulations. In some cases, a wide 
area has been upheaved as a broad low arch, with little disturl)ance of 
the original level stratification of its component rocks. More usually, 
the undulations have been impressed as more sensible deformations of 
the crust, varying in magnitude from the gentlest appreciable roll up to 
mountainous crests of complicated plication, inversion, and fracture. 

^ The rate observed in the Mont Cenis and Mont St. Gothard tunnels was about 1° Fahr. 
for every 100 feet, or only about half the usual rate. 
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As a rule, the undulations have been linear, but their direction has 
varied from time to time, having been determined at right angles, or 
approximately so, to the trend of the lateral pressure that produced 
them. The upward folds of the crust have given birth to continents, 
while the downward folds have formed the ocean basins. These folds, how- 
ever, are usually not simple arches and troughs, but include subsidiary 
folds within these. Thus, the Atlantic trough is marked by a central 
ridge, the highest portions of w^hich appear above sea-level in groups of 
islands, while the American arch has been plicated along its western 
border into the great chain of the Rocky Mountains and Andes, and 
near its eastern margin by less continuous and lofty ranges, and bears a 
vast geosyncline in the centre. As the crust has thickened, in con- 
sequence of the structure imparted to it by successive subsidences, 
certain portions of it have acquired more or less immobility, and have 
served as buttresses against which surrounding areas have been pressed 
and dislocated by subsequent movements. Suess has pointed out various 
areas of the earth’s surface, named by him “ Horsts,” which seem to have 
served this purpose in the general rupture and subsidence of the terres- 
trial crust. 

Considered with reference to their mode of production, the leading 
contours of a land-surface may he grouped as follows: — 1. Those which 
are due more or less directly to disturbance of the crust. 2. Those 
which have been formed by volcanic action. 3. Those which are the 
result of denudation. 

1. Terrestrial Features due more or less directly to Dis- 
turbance of the Crust. — In some regions, large areas of stratified 
rocks have l)een raised up with so little trace of curvature, that they 
seem to the eye to extend in horizontal sheets as wide plains or table- 
lands. If, however, these areas can be followed sufficiently far, the flat 
striata are eventually found to sweep upward into abrupt plications, as in 
the Rocky Mountains, or to curve down slowly or rapidly, or to be 
truncated by dislocations. In an elevated region of this kind, the general 
level of the ground corresponds, on the whole, with the planes of stratifi- 
cation of the rocks. Vast regions of Western America, where Cretaceous 
and later strata extend in nearly horizontal sheets for thousands of 
square miles at heights of 4000 feet or more above the sea, may be taken 
as illustrations of this structure. So abrupt is the upturn of the younger 
rocks of the eastern plains against the older masses of the Rocky Moun- 
tains that it is harclly an exaggeration to say that one may sit on the 
horizontal and leati his back against the vertical beds. 

As a rule, curvatur;e is more or less distinctly traceable in every 
region of uplifted rocks. Various types of flexure may be noticed, of 
which the following are some of the more important : — 

(a) Monodmal Flexures (p. 674). — These occur most markedly in broad 
plateau-regions and on the flanks of large broad uplifts, as in the table- 
lands of Utah, Wyoming, &c. They are frequently replaced hy faults, 
of which indeed they may be regarded as an incipient stage (p. 691). 

(h) Symmetrical Flexures, where the strata are inclined on the two 
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sides of the axis at the same or nearly the same angle. They may l)e 
low gentle undulations, or may increase in steejDness till they become 
short sharp curves. Admirable illustrations of different degrees of inclina- 
tion may be seen in the ranges of the Jura^ (Fig. 500) and the Appala- 
chians (Fig. 253), where the infiuenee of this structure of the rocks on 
external scenery may he instructively studied. In many instances, each 
anticline forms a long ridge, and each syncline runs as a corresponding 
and parallel valley. It will usually be observed, however, that the 
surface of the ground does not strictly conform, for more than a short 
distance, to the surface of any one bed ; but that, on the contrary, it 
passes across the edges of successive beds, as in Fig. 50Q. This relation 
— so striking a proof of the extent to which the surface of the land 
has suffered from denudation — may be followed through successive phases 
until the original superficial contours are exactly reversed, the ridges 
running along the lines of syncline and the valleys along the lines of 
anticline (Figs. 251, 252). Among the older rocks of the earth’s crust 
which have been exposed alike to curvature and prolonged denudation, 
this reversal may be considered to be the rule rather than the exception. 


S.E. N.W. 

Oensingen. Ballsthal. Munster. Rameux. 



Fig. 500. — Syinmetricnl Flexures of Swiss Jura 
(the ridge.s coinciding with anticlines and the valleys with synclines). 


The tension of curvature may occasionally have produced an actual 
rupture of the crest of an anticline along which the denuding agents 
would effectively Avork. 

The Uinta type is a variety of this structure seen to great perfection 
in the Uinta Mountains of Wyoming and Utah. It consists of a broad 
flattened flexure from which the strata descend steeply or vertically into 
the loAV grounds, where they quickly resume their horizontality. In 
the Uinta Mountains, the flat arch has a length of upAvards of 150 and a 
breadth of about 50 miles, and exposes a vast deeply trenched plateau 
with an average height of 10,000 to 11,000 feet above the sea, and 
5000 to 6000 feet above the plains on either side. This elevated region 
consists of nearly level ancient Palseozoic rocks, Avhich plunge below 
the Secondary' and Tertiary deposits that have been tilted by the 
uplift (Fig. 501). Powell believed that a depth of not less than three 
and a half miles of strata has been removed by denudation from the top 
of the arch.^ In some places, the line of maximum flexure at the side of 

^ On the Jura see C. Clerc, ‘Le Jura,’ Paris, 1888; G. Boyer, Bemarques .siir 
rOrographie des Monts Jura,’ Be.saiigon, 1888 ; and the older work of Thurrnann, ‘Esquis.ses 
Orographiqiies de la Chaine du Jura,’ 1852. 

^ ‘ Geology of Uinta Mountains,’ p. 201. There is in this work a siigge.stive discussion 
of types of mountain structure. See also Clarence King’s ‘■Peport on Geology of 40th 
Parallel,’ vol. i. 
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symmetrical forms, they become broader, flatter, and wider apart, till 
they disappear (Figs. 253, 503). 

(cl) Fieversed Flemres, where the strata have been folded over in such 
a way that on both sides of the axis of curvature they dip in the same 
direction, occur chiefly in districts of the most intense plication, such 
as a great mountain chain like the Alps. The inclination, as before, is 
for the most part towards the region of maximum disturbance, and the 
flexures are often so rapid that after denudation of the tops of the arches 
the strata are isoclinal, or appear to be dipping all in the same direction 
(p. 678). A gradation can he traced through the three last-named kinds 
of flexure. The inverted or reversed type is found where the crumpling 
of the crust has been greatest. Away from the area of maximum dis- 
turbance, the folds pass into the unsymmetrical type, then with gradually 
lessening slopes into the symmetrical, finally widening out and flattening 
into the plains. If we bisect the flexures in a section of such a plicated 
region we find that the lines of bisection or “ axis-planes are vertical 
in the symmetrical folds, and gradually incline towards the more plicated 
ground at lessening angles.^ 

Fractures not infrequently occur along the axis of unsymmetrical and 
inverted flexures, the strata having snapped under the great tension, and 
one side (in the case of inverted flexures, usually the upper side) having 
been pushed over the other, sometimes with a vertical displacement of 
several thousand feet, or a horizontal thrust of perhaps many miles (mite, 
j)p. 690-694, 794, 892, 970). It is along or parallel to the axes of 
plication, and therefore coincident with the general strike, that the great 
faults of a plicated region occur. One of the most remarkable and im- 
portant faults in the low grounds of Europe is that which bounds the 
southern edge of the Belgian coal-field (p. 693). It can be traced across 
Belgium, has been detected in the Boulonnais, and may not improbably 
run beneath the Secondary and Tertiary rocks of the south of England. 
The extraordinary thrust-planes which liothpletz has shown to exist in 
the Alps, and those of the north-west of Scotland, are notable examples 
of gigantic horizontal displacements in mountainous regions, while still 
more prodigious are those of Scandinavia. It is a remarkable fact that 
faults which have a vertical throw of many thousands of feet may produce 
little or no effect upon the surface. The great Belgian fault just referred 
to is crossed by the valleys of the Meuse and other northerly flowing 
streams, yet so indistinctly is it marked in the Meuse valley that no 
one would suspect its existence from any peculiarity in the general form 
of the ground, and even an experienced geologist, until he had learned 
the structure of the district, would scarcely detect any fault at all. The 
Scottish thrust-planes are eroded like ordinary junction-planes between 
strata, and produce no more effect than these do on the topography (see 
Figs. 344, 369), nor have the still more stupendous displacements of the 
Alps and Scandinavia been more effective in the determination of the 
leading features of topography. 

In some regions of intense disturbance the rocks have been plicated 
^ H. D. Kogers, Trans. Roy. Soc. Eclin. xxi. p. 434. 
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rather than fractured. The folds have been so compressed that their 
opposite limbs often lie parallel to each other at a high inclination, 
though, as in the case of the Alps, closer scrutiny even in such tracts 
where plication has been so effective may discover proofs also of gigantic 
thrusts. In other regions, such as the north-west of Scotland, where the 
gigantic pressure has encountered the resistance of a ‘‘ horst or solid 
buttress of immovable material, the rocks have been ruptured . by 
innumerable thrust-planes and faults, and have been driven over each 
other in a kind of imbricated structure (Fig. 369). 

{e) Alpine Ti/pe of Movnitain-Sh^^^^^ — It is along a great mountain 

chain like the Alps that the most colossal crumplings of the terrestrial 
crust are to be seen. In approaching such a chain, one or more minor 
ridges may be observed running on the whole parallel with it, as the 
heights of the Jura flank the north side of the Alps, and the sub- 
Himalayan hills follow the southern base of the Himalayas. On the 
outer side of these ridges, the strata may be flat or gently inclined. At 
first they undulate in broad gentle folds ; but toiced towards the 
mountains these folds become sharper and closer, their shorter sides 
fronting the plains, their longer slopes dipping in the opposite direction. 
This inward dip is often traceable along the flanks of the main chain of 
mountains, younger rocks seeming to underlie others of much older date. 
Along the north front of the Alps, for instance, the red molasse is over- 
lain by Eocene and older formations: The inversions and disruptions 
increase in magnitude till they reach such colossal dimensions as those of 
the Gliirnisch,- where pi'e-Cambrian schists, and Triassic, Jurassic, and 
Cretaceous rocks have been driven for miles over the Eocene and Oligocene 
fiysch (pp. G77, G93). In such vast crumplings and thrusts it may happen 
that portions of older strata are caught in the folds of later formations, 
and some care may be T'cquircd to discriminate the enclosure from the 
rocks of which it ajipears to form an integral and original part. Some 
of the recorded examples of fossils of an older zone occurring by 
themselves in a much younger group of plicated rocks may be thus 
accounted for. 

The inward dip and conse(]uent inversion traceable towards the centre 
of a mountain chain lead up to the fan-shaped structure (p. G78), where 
the oldest rocks of a series occupy the centre and overlie younger masses, 

^ For information on internal .strnnturt* of the Ali)iiic cliaiu .see e.speeially tlie maps, 
sections, and exi^lanatory memoirs by Ilciievier, Heim, A. Haltzer, E. Favre, K. J. Kaufmanii, 

( t Moeseli, n. Scliardt, A. (lutzwiller, 1<1. voii Fellenber^, and others hi the Bi'if rdye zur 

Kartc ilv.i' SrJnn’i:: ; also Fritz Frccli, ‘‘Die Karnischen Aljieii,” AhJuciuL Fafirr/. (/es. 
JTrl/e, xviii. (Il(*ft i.) LSOfi ; Zaeiiagna on the (,Traian Alps, />n//. Cant. (Uiol. Ital. ser. iii. voL 
iii. (1892), }). 17r) ; consult also Heim’s ‘ Mechaiiismus der Gebirgshildiing’ ; Siiess, ‘ Autlitz 
dcr Erde’ and ‘Enlsteliung der Aljien ’ ; A. Favre, ‘ Kecherclie.s (xcol. dans les parties de la 
Savoie dll Pic.inont et de la Suisse voisine.s dii Mont Elaiic,’ 18b7, ami ‘Description Geol. 
Canton Clencve,’ 1880 ; E. Fraas, ‘Seeiierie der Alpeii,’ 1892 ; the writings of A. Eothpletz 
cited aiUe^ p. 677 ; Dupare and Mrazei^, ‘ Mont Blanc,’ (reneva, 1898. 

- Besides the great worlc of ileini on this region and the memoirs of Eothpletz cited 
ante^ p. 677, .see a pai)er hy the latter in Z. I). <i. <L xlix. (1897), p. 1 ; one hy Baltzer, 
op. at. li. (1899), p. 327 ; and further remark.s hy Pv.othpletz in same volume. 
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wMch plunge steeply under them. Classical examples of this structure 
occur in the Alps (Mont Blanc, Fig. 258, 8t. (4othard), where 
rocks such as granite, gneiss, and schist, the oldest masses of tlic chain, 
have been ridged up into the central and highest peaks. Along tluise 
tracts, denudation has been of course enormous, for the appearance of the 
granitic rocks at the surface has been brought about, not necess^irily by 
actual extrusion into the air, but more probably by prolonged erosion, 
which in these higher regions, where many forms of sub-aerial waste reach 
their most vigorous phase, has removed the vast overarcliing cover of 
younger rocks under which the crystalline nucleus doul)tless lay buried. 

With the crumpling and fracture of rocks in mountain-making, the 
hot springs may be connected, which so frequently arise along the flaidcs 
of a mountain chain. A further relation is to be traced ],)etween tliesc 
movements and the opening of volcanic vents along a mountain-chain or 
parallel to it, as in the Andes and other prominent ridges of the crmst or 
along the crests of sub-oceanic ridges, as is so strikingly displayed in 
Pacific and Atlantic basins. Elevation, by diminishing the pressure on 
the parts beneath the upraised tracts, may permit them to assume a 
liquid condition and to rise within reach of the surface, when, driven 
upwards by the expansion of superheated vapours, they arc ejcicted in the 
form of lava or ashes. Mr. Fisher has suggested that the lower half of 
a double bulge of the crust in a mountain (p. I36G), by being (le])rcssed 
into a lower region, may be melted off, giving rise to siliceous lavas 
which may rise before the deeper basaltic magma begins to be erupted. 

A mountain-chain may be the result of one movement, Imt prol)al)Iy 
in most cases is due to a long succession of such movements. Formed 
on a line of weakness in the crust, it has again and again given I’fdief 
from the strain of compression by undergoing fresh crumpling and 
upheaval. Successive stages of uplift are usually not difficult to trac(.‘. 
The chief guide is supplied by unconformability (p. 820). Let us 
suppose, for example, that a mountain range (Fig. 504) (ion.sists of 



a. h 

Fig. 504.— Section showing two periods of Uplicavul. 


upraised Lower Silurian rocks (ft), upon the upturned and denuded edges 
of wMeh the Carboniferous Limestone (h h) lies transgrcssively. 'I'lie 
original upheaval of that range must have taken place between the 
Lower Silurian and the Carboniferous Limestone periods. If, in follow- 
ing the range along its course, we found the Carboniferous rdmestonc, also 
highly inclined and covered unconformably by the Upper Coal-mea.suiu's 
(c c), we should know that a second uplift of that portion of the ground 
had taken place between the time of tlie Limestone and that of the 
Upper Coal-measures. Moreover, as the Coal-measures were laid dowui 
at or below the sea-level, a third uplift has subsequently oeciirred 
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whereby they were raised into dry land. By this simple and obvious 
kind of evidence, the relative ages of different mountain chains may be 
compared. In most great mountain chains, however, the rocks have 
been so intensely crumpled, dislocated, and inverted, that much labour 
may be required before their true relations can be determined. 

The Alps offer an instructive example of a great mountain system 
formed by repeated movements during a long succession of geological 
periods. The central portions of the chain consist of gneiss, schists, 
granite, and other crystalline rocks, partly referable to the pre-Cambrian 
series, but some of which (Schistes lustres, Biindnerschiefer) include meta- 
morphosed Palieozoic, Secondary, and in some places, perhaps, even older 
Tertiary deposits (pp. 802, 1099). It would appear that the first outlines of 
the Alps were traced out even in pre-Cambrian times, and that after sub- 
mergence, and the deposit of Palaeozoic formations along their flanks, if 
not over most of their site, they were re-elevated into land. From the 
relations of the Mesozoic rocks to each other, we may infer that several re- 
newed uplifts, after successive denudations, took place before the beginning 
of Tertiary times, but without any general and extensive plication. A 
large part of the range was certainly submerged during the Eocene period 
under the waters of that wide sea which spread across the centre of the 
Old World, and in which the nummulitic limestone and flysch were 
deposited. But after that period the grand upheaval took place to which 
the present magnitude of the mountains is chiefiy due. The older 
Tertiary rocks, previously horizontal under the sea, were raised up into 
mountain-ridges more than 11,000 feet above the sea-level, and, together 
with the older formations of the chain, underwent colossal plication and 
displacement. Enoimous slices of the oldest rocks were torn away from 
the foundations of the chain and driven horizontally for miles until they 
came to rest upon some of the newest formations. The thick Mesozoic 
groups were folded over each other like piles of carpets, and involved in 
the lateral thrusts so as now to be seen resting upon the Tertiary flysch. 
So intense was the compression and shearing to which the rocks were 
subjected that lenticles of the Carboniferous series have been folded in 
among Jurassic strata, and the whole have been so welded together that 
they can hanlly be distinguished where they meet, and what were 
originally clays and sands have been converted into hard crystalline 
rocks. It is strange to reflect that the enduring materials out of which 
so many of the mountains, cliffs, and pinnacles of the Alps have been 
formed are of no higher geological antiquity than the London Clay and 
other soft Eocene deposits of the south of England and the north of 
France and Belgium. At a later stage of Tertiary time, renewed dis- 
turbance led to the destruction of the lakes in which the molasse had 
accumulated, and their thick sediments were thrust up into large broken 
mountain masses, such as the Bigi, Rossberg, and other prominent 
heights along the northern flank of the Alps. Since that last post-Eocene 
movement, no great orogenic paroxysm seems to have affected the Alpine 
region. But the chain has been left in a state of unstable equilibrium. 
From time to time normal faults have taken place whereby portions of 
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the uplifted rocks have sunk down for hundreds of feet, and some of 
these dislocations have cut across the much older and more gigantic dis- 
placements of the thrust-planes (Fig. 282). At the same time continuous 
denudation has greatly transformed the surface of the ground, so that 
now cakes of gneiss are left as mountainous outliers upon a crushed 
and convoluted platform of Tertiary stratad Nor, in spite of the settling 
down of these broken masses, has final stability been attained. The 
frequent earthquakes of the Alpine region bear witness to the strain of 
the rocks underneath, and the relief from it obtained by occasional rents 
propagated through the crust along the length of the chain. 

The epeirogenic evolution of a continent during a long succession of 
geological periods has been admirably worked out for the whole globe 
by Suess, for Europe by him and by Neumayr, and for North America 
by Dana, Dawson, Dutton, Gilbert, Hayden, King, Newl3erry, Powell, 
and others. The general character of the structure of the American 
continent is extreme simplicity, as compared with that of the Old 
World. In part of the Pocky Mountain region, for example, while 
the Palaeozoic formations lie unconformably upon pre-Cambrian gneiss, 
there is, according to King, a regular conformable sequence from 
the lowest Palaiozoic to the Jurassic rocks, though probably many 
local unconformabilities exist. During the enormous interval of time 
represented by these massive formations, what is now the present axis 
of the continent appears to have been exempt from any great orogenic 
paroxysm and to have remained hardly disturbed by more than a 
gentle and protracted subsidence. In the great depression or geosyn- 
cline thus produced, all the Palaeozoic and a great part of the Mesozoic 
rocks were accumulated. At the close of the Jurassic period, the first 
great upheavals took place. Two lofty ranges of mountains — the Sierra 
Nevada (now with summits more than 14,000 feet high) and the 
Wahsatch — 400 miles apart, were pushed up from the great subsiding 
area. These movements were followed by a prolonged subsidence, during 
which Cretaceous sediments accumulated over the Pocky Mountain 
region to a depth of 9000 feet or more. Then came another vast uplift, 
whereby the Cretaceous sediments were elevated into the crests of the 
mountains, and a parallel coast-range was formed fronting the Pacific. 
Intense metamorphism of the Cretaceous rocks is stated to have taken 
place. The Pocky Mountains, with the elevated table-land from which 
they rise, now permanently raised above the sea, were gradually elevated 
to their present height. Vast lakes filled depressions among them, in 
w^hich, and on the plains in front of the mountains, as in the Tertiary 
basins of the Alps and the Gondwana series of the Himalaya, enormous 
masses of sediment accumulated. The slopes of the land were clothed 
with an abundant vegetation, in which we may trace the ancestors of 
many of the living trees of North America. One of the most striking 
features in the later phases of this history was the outpouring of great 
floods of trachyte, basalt, and other lavas from many points and fissures 

^ These features of Alpine tectonics have been admirably deciphered by Dr. Eothpletz in 
the series of memoirs already cited. 
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over a vast space of the Eocky Mountains and the tracts lying to the 
west. In the Snake River region alone the basalts have a depth of 70Q 
to 1000 feet, over an area 300 miles in breadth. 

These examples show that the elevation of mountains, like that of 
continents, has been occasional, and probably sometimes paroxysmal. 
Long intervals elapsed, when a slow subsidence took place, but at last 
a point was reached when the descending crust, unake any longer to 
withstand the accumulated lateral pressure, was forced to find relief by 
rising into mountain ridges. With this effort the elevatory movements 
ceased for the time. They were followed either by a stationary period, 
or more usually by a renewal of the gradual depression, until eventually 
relief was again obtained by upheaval, sometimes along new lines, but 
often on those which had previously been used. The intricate crumpling 
and gigantic displacements and inversions of a great mountain -chain 
naturally suggest that the movements which caused these disturbances 
of the strata were sudden and violent. And this inference may often, if 
not generally, be correct. It is not so easy, however, to demonstrate that 
a disturbance was rapid as to prove that it must have been slow. That 
some uplifts resulting in the rise of important mountain ranges have 
been almost insensibly brought about, is believed to be shown by the 
operation of rivers in the regions affected. Thus the rise of the Uinta 
Mountains appears to have been so quiet, that the Green River, which 
flowed across the site of the range, has not been deflected, but has 
actually been aide to deepen its canon as fast as the mountains have 
been pushed upward.^ The Pliocene accumulations along the southern 
flanks of the Himalayas show that the rivers still run in the same lines 
as they occupied before the last gigantic upheaval of the chain (p. 1297).“ 
A similar conclusion has been drawn from the river-valleys in the Elburz 
Mountains, l^crsia.'^ 

2. Terrestrial Features due to Yolcanic Action. — The two 
types of volcanic cruj)tions described in Book III. Part I. give rise to two 
very distinct types of scenery. The ordinaiy volcanic vent leads to the 
piling up of a conical mass of erupted materials round the orifice. In its 
simplest form, the cone is of small size, and has been formed by the 
discharges from a single funnel, like many of the tuff and cinder-cones of 
Auvergne, the Eifel, the Bay of Naples, the Permian necks of Central 
Scotland, the Tertiary vents of the Swabian Alb, and the youngest cones 
in the volcanic tracts of the western United States. Every degree of 
divergence from this simplicity may be traced, however, till we reach a 
colossal mountain like Etna, wherein, though the conical form is still 
retained, eruptions have proceeded from so many lateral vents that the 

* rovveir.s “Geology of tlie Uinta Mountains,” in tlie Reports of U.S, Oeographical and 
(h'oltxjU'al Siu'i'eij Iluckn Mountain lief) ion, 1876. Tlie .same con elusion is drawn by 
GiUiert from tlie .structure of the Walisatcli Mountains. See bis admirable es.say on “Laud 
Sculpture,” in bis “Geology of tlie Henry Mountains,” publislied in tbe .same series of 
Reports, 1877. 

- xMedlieott and Blanford, Gieology of India,’ p. 570. 

K. Tictze, Jahrh. (Jcol. lieichsansL x.xviii. (1878), p. 581. 
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main cotie is loaded with minor volcanic hills, or like some of the still 
more gigantic peaks of Ecuador, where such huge masses of solid rock 
form the central and loftiest part of the structure. Denudation as well 
as explosion comes into play ; deep and wide valleys, worn down the 
slopes, serve as channels for successive floods of lava or of water and 
volcanic mud. On the other hand, the type of fissure-eruption in which 
the lava, instead of issuing from a central vent, has flowed out from 
minor vents along the lines of many parallel or connected fissures, leads to 
the formation of wide lava-plains composed of successive level sheets of lava. 
By subsequent denudation, these plains are trenched by valleys, and, 
along their margin, are cut into escarpments with isolated blocks or out- 
liers. Thus, while at first they look like lakes or seas of black verdure- 
less rock, as in the modern lava-deserts of Iceland, or those of more 
ancient date in the Western United States, they eventually become great 
plateaux or talde-lands trenched by deep and wide valleys or cut into tall 
cliffs by the sea, like those of north-west Europe, the Deccan, Abyssinia, 
and the Snake liiver. 

The forms assumed by volcanic masses of older Tertiary and still 
earlier geological date are in the main due not to their original contoui's, 
but to denudation. The rocks, being commonly harder than those 
among which they lie, stand out prominently, and often, in course of 
time and in virtue of their mode of weathering, assume a conical form, 
which, however, has usually no relation to that of the original volcano. 
Eminences formed after the type of the Henry Mountains (p. 736) owe 
their dome-shape to the subterranean effusion of erupted lava, but the 
superficial irregularities of contour in the domes must be ascribed to 
denudation (Figs. 301, 324, 326, 328, 329, 338). 

3. Terrestrial Features due to Denudation. — The general 
results of denudation have been discussed in Book III. Part II. Sect, ii.^ 
Every portion of the land, as soon as it rises above the sea-level, is 
attacked by denuding agents. Hence the older a terrestrial surface, the 
more may it be expected to show the results of the operation of these 
agents. We have already seen how comparatively rapid are the pro- 
cesses of subaerial waste (pp. 586-597). It is accordingly evident that 
the present contours of the land cannot be expected to reveal any trace 
whatever of the early terrestrial surfaces of the globe. The most recent 
mountain chains and volcanoes may, indeed, retain more or less markedly 
their original superficial outlines; but these must be more and more 
effaced in proportion to their geological antiquity. 

^ The part taken by denudation in landscape has been miicli discussed. It was strongly 
enforced by Hutton in his ‘ Tlieory of the Earth,’ and by Playfair in his ‘ Illustrations of the 
Huttonian Tlieory.’ The views of these pioneers were adopted and worked out in some 
detail by Jukes {2:)ostea, p. 1384), afterwards by Ramsay in his volume cited on p. 1364, by 
myself in my ‘ Scenery of Scotland,’ and by Topley and Foster with reference to the Weald 
of the South of England [Mem. Oeol. Survey, 1875). Since these early writings the subject 
has been taken up with great enthusiasm in the United States, especially by Powell jiiid 
Gilbert. Professor W. M. Davies has also written voluminously upon it. To some of his 
papers reference is made in subsequent pages. The subject is discussed in the volume ^ Les 
Formes dii Terrain,’ by MM. De la Hoe and De Margerie. 
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The fundamental law in the erosion of terrestrial surfaces is that 
harder rocks resist decay more, while softer rocks resist it less. The 
former consequently are left projecting, Avhile the latter are worn down. 
The terms “ hard ” and “ soft ” are used here in the sense of being less 
easily and more easily abraded, though every rock suffers in some 
measure. If, therefore, a perfectly level surface, composed of rocks 
exceedingly unequal in power of resistance, were to be raised above the 
sea, and to be exposed to the action of weathering, it would eventually 
be carved into a system of ridges and valleys. The prominences would be 
largely determined hy the position of the harder rocks, the depressions 
by the site of the softer. But no surface of land in nature is perfectly 
smooth and level. . There are always undulations and inequalities which, 
though they may be imperceptible to the eye, make themselves conspicuous 
when rain falls, for even the faintest hollows then become pools or serve 
as channels for the descent of the water to lower levels. Hence, whether 
by initial inequalities of surface, or by varying degrees of softness, 
every mass of land, as soon as it is upraised above sea-level, begins 
to be unequally eroded. The hollows and valleys mark, on the whole, 
where the denudation is greatest. The hills and prominent ridges are 
found to 1)6 where they are, not so much because they have there been 
more upheaved, l)ut because, by the disposition of the original drainage- 
lines, they have been less eroded than the valleys, or because they are 
composed of more durable materials. 

In this marvellous process of land-sculpture, we have to consider, on 
the one hand, the agents and combinations of agents which are at work, 
and on the other, the varying powers of resistance arising from declivity, 
composition, and structure of the materials on which these agents act. 
The forces or conditions required in denudation — air, aridity, rapid 
alternations of moisture and drought or of heat and cold, rain, springs, 
frosts, rivers, glaciers, the sea, plant and animal life — have been descrilied 
in Book III. Part II. Every country and climate must obviously have 
its own com])inatiori of erosive activities. The decay of the surface in 
Egypt or Arizona arises from a different group of forces from that which 
can be seen in the west of Europe or in New England. 

In tracing the sculpture of the land, wc are soon led to perceive the 
powerful influence of the angle of slope of the ground upon the 
rate of erosion. This rate decreases as the angle lessens, till on level 
plains it reaches its minimum. Other things l)eing equal, a steep mountain 
ridge will be more deeply eroded than a gentle elevation of equal height 
which rises gradually out of the plains. Hence the declivity of the 
ground, at its first uplift into land, must have had an important bearing 
upon the subsequent erosion of the slopes. It is important to observe 
that the depressions into ^vhich the first rain gathered on the surface of 
the newly upraised land would, in most cases, become the permanent 
lines of drainage. They would be continually deepened as the water 
coursed in them, so that, unless where subterranean disturbance came into 
play, or where the channels were obstructed by landslips, volcanic 
ejections, or otherwise, the streams would be unable to quit the channels- 
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they had once chosen. The permanence of drainage-lines is one of 
the most remarkable features in the geological history of the continents. 
The main valleys of a country are usually among the oldest jDarts of its 
topography. As they are widened and deepened, the ground between 



them may be left projecting into high ridges and even into prominent 
isolated hills, 

A chief element in the progress of land -sculpture is geological 
structure — the character, arrangement, and composition of the rocks, 
and the manner in which each variety yields to the attacks of the de- 
nuding agents. Besides the general relations of the so-called hard rocks 
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to resulting prominences, and of soft rocks to depressions, the broader 
geotectonic characters have had a dominant influence upon the evolution 
of terrestrial, contours. As illustrations of this influence, reference may 
he made to the marked difference between the scenery of districts com- 
posed of stratified sedimentary rocks, and that of areas of massive 
.eruptive rocks, such as granite. In the former case (Fig. 505), bedding 
and joints furnish divisional lines, the guiding influence of which upon 
the external forms of the mountains is everywhere traceable. In the 
oase of eruptive masses (Fig. 506), the rock is split open along joints 
•only, whicli mainly determine the shaj^es of crest, cliff, and corry. 

Bedding produces a distinct type of scenery which can be traced 
from the sides of a mere brook up into tall sea -cliffs or into lofty 
mountain - groups. Moreover, much of the ultimate character of the 
.scenery depends upon whether the strata have been left undisturbed ; 
for the position of the bedding, whether flat, inclined, vertical, or 
contorted, largely determines the nature of the surface. The most 
characteristic scenery formed by stratified rocks is undoubtedly where 
the bedding is horizontal, or nearly so, and the strata are massive. A 
mountain constructed of such materials appears as a colossal pyramid, 
the level bars of stratification looking like gigantic courses of masoniy. 
Joints and faults traversing the bedding allow it to be cleft into blocks 
.and deep chasms that heighten the resemblance to ruined architecture. 
Impressive illustrations of these results are to be found in the Western 
Territories of the United States. The vast table-lands of the Eiver 
Colorado, in particular, offer a singularly impressive picture of the effects 
•of mere subaerial erosion on undisturbed and nearly level strata (see 
Frontispiece). Systems of stream-courses and valleys, river gorges, un- 
exampled elsewhere in the world for depth and length, vast winding 
lines of escarpment, like ranges of sea-cliffs, terraced slopes rising from 
plateau to plateau, huge buttresses and solitary stacks standing like 
islands out of the plains, great mountain masses towering into picturesque 
peaks and pinnacles, cleft by innumeralffe gullies, yet everywhere marked 
by the parallel ])ars of the horizontal strata out of which they have been 
■carved — these are the orderly symmetrical characteristics of a country 
where the scenery is due entirely to the action of subaerial agents and 
the varying resistance of level or little disturbed stratified rocks. 

On the other hand, where stratified rocks have been subjected to 
plications and fractures, their characteristic features may be gradually 
almost lost among those of tlie crystalline masses which under these circum- 
.stances are so often found to have been forced through them. The Alps 
may be cited as a well-known example of this kind of scenery (Figs. 255- 
258, 282). The whole geological aspect of these mountains is suggestive 
of former intense commotion. Yet on every side proofs of the most 
.enormous denudation meet the eye. Twisted and crumpled, the solid sheets 
of limestone may be seen as it were to writhe from the base to the summit 
•of a mountain, yet they j^resent everywhere their truncated ends to the 
air, and from these ends it is easy to see that a vast amount of material 
has been worn away. Apart altogether from what may have been the 
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shape of the ground immediately after the upheaval of the chain, there 
is evidence on every side of gigantic denudation. The subaerial forces 
that have been at work upon the Alpine surface ever since it first appeared 
have dug out the valleys, sometimes acting in original depressions, some- 
times eroding hollows down the slopes. Moreover they have planed down- 



the flexures, excavated lake-Jpasins, scarped the mountain sides into cli 
and Clique, notched and furrowed the ridges, splintered tlie crests int 

^ f marvellous monument of stupendou 

earth-throes, followed by prolonged and gigantic denudation ^ 
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In massive or igneous rocks, the structure-lines are those of joints alone, 
and according to the direction of the intersecting joints the trend and shape 
of the ridges are determined. The importance of rock-joints, not only in 
details of scenery, but even in some of the main features of the mountain 
outlines of massive rocks, and in the erosion of ravines is hardly at first 
•credible. It is along these divisional lines that the rain has filtered, and 
the springs have risen, and the frost wedges have been driven. On the 
bare scarps of a high mountain, Arhere the inner structure of the mass is 
laid open, the system of joints .is seen to have determined the lines of 
crest, the vertical Avails of cliff and precipice, the forms of buttress and 
recess, the position of cleft and chasm, the outline of spire and pinnacle. 
On the loAver slopes, even under the tapestry of verdure Avhich nature 
delights to hang Avhere she can over her naked rocks, we may detect the 
same pervading influence of the joints upon the forms assumed by ravines 
and crags. Each kind of eruptive rock has its OAvn system of joints, and 
by these in large measure is its characteristic type of scenery determined. 

A fcAV of the more important features of the land may be briefly 
noticed here in their relation to this branch of geology. In the physio- 
graphy of any region, mountains are the dominant features (p. 50). 
A true mountain-chain consists of rocks that have been crumpled and 
pushed up in the manner already described. But ranges of hills, almost 
mountainous in their bulk, may be formed by the gradual erosion of 
valleys out of a mass of original high ground. In this Avay, some ancient 
table-lands have been so channelled that they noAv consist of massive 
rugged hills, either isolated or connected along the flanks. Eminences 
detached by erosion from the masses of rock Avliereof they once formed a 
part, have been termed oufJiers (Figs. 12 4, 507, 508), or Avhere of large size, 
hills of drcnmdeniuhitian. Their isolation may either be due to the action 
of streams working round them, apart altogether from geological structure, 
or to their more i-(3sisting constitution, Avhich has enabled them to remain 
prominent during the general degradation of the Avhole surface. 

Table -lands (p. 53) may sometimes arise from two causes. In 
the first place, Avide tracts of horizontal stratified rocks, Avhether of 
a(|ueous or of igneous origin, may })e elevated by epeirogenic movements 
until, still preserving their general horizontality, they reach a height of 
hundreds or thousands of feet above the sea. In such cases the surface 
of the platform may at first correspond broadly with that of the stratifica- 
tion, though the progress of denudation tends continually to destroy the 
connection betAvecn the tAVO surfaces. Such examples are Tablelands of 
DejmiiurtL In the second place, a tableland may be formed by the abrasion 
of bard rocks and the production of a more or less level plain as the 
result of denudation. This process can only be completed Avhen the land 
has hecTi Avorri down by such long continued degradation that its level 
is not much above that of the sea, and its slopes are so feeble that erosion 
almost ceases.^ But the result is most completely attained when the worn 
<lown platform has been finally IcA^elled out by the waves of the sea and 
depressed beloAV sea-level to the lower limit of marine erosion. Such a 

^ Professor Davis has pro}iose(I tlie term “ i>eiie])laiii ” for sneh a denuded platforni. 
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form of surface, when raised into high land, becomes a TaUe-Jand of JAvsion.. 
Notable examples arc to be seen in the extensive ‘‘fjelds” or elevated 
plateaux of Scandinavia, many of which, rising above the snow-line, form 
vast snow-fields whence glaciers descend almost to the sea-level. Fragments- 
of a similar table-land may be recognised among the Grampian Mountains 
of Scotland. It can be shown that some of these plateaux are of high 
antiquity, that they have been protected for ages by foi-mations now 
worn away from them, and tliat they arc being gradually destroyed by 
the denuding forces. Most of the great table-lands of the globe seem to- 
be platforms of the first type. But, whatsoever its mode of origin, the 
plateau undergoes a gradual transformation under continued denudation. 
No sooner arc the rocks raised above the sea, than they are attacked by 
running water, and begin to 1)e hollowed out into systems of valleys. As- 
the valleys sink, the platforms between them grow into narrower and 
more definite ridges, until eventually the level table-land is converted 
into a complicated network of hills and valleys, wherein, nevertheless,, 
the key to the whole arrangement is furnished by a knowledge of the 
disposition and effects of the flow of water. The examples of this process- 
brought to light in Colorado, Wyoming, Nevada, and the other Western 
Territories, by Newberry, King, Hayden, Powell, Gilbert, Dutton, andi 
other explorers, are among the most striking monuments of geological 
operations in the world. The erosion of the ancient table-lands of 
Scandinavia and Scotland, and their conversion into systems of hilly 
ridges and valleys, have been a more complex process, prolonged through 
a succession of geological periods with intervals of upheaval and depression,, 
but though less impressive from its more limited scale, it conveys many 
interesting and instructive lessons as to the efficacy of sulDaerial waste.’- 
Watersheds are of course at first determined by the form of the- 
earliest terrestrial surface. But they are less permanent than the water- 
courses that di.verge from them. Where a watershed lies symmetrically 
along the centre of a country or continent, with an equal declivity and 
rainfall on cither side, and an identity of geological structure, its site 
will be permanent, l)ecause the erosion on each slope proceeds at the 
same rate. But such a coin])ination of circumstances can happen rarely,, 
save on a small and local scale. As a rule, watersheds lie on one side 
of the centre of a country or continent, and the declivity is steeper on 
the side nearest the sea. Hence, apart from any influence from difierence 
of geological structure, the tendency of erosion, by wearing the steep 
slope more than the gentle one, is to carry the watershed backward 
nearer to the true centre of the region, especially at the heads of valleys. 
Of course this is an extremely slow process ; hut it must be admitted to 
be one of real efficacy in the vast periods during which denudation has> 
continued. Plxcellent illustrations of its progress, as well as of many 
other features of land-sculpture, may often he instructively studied on 
clay -banks exposed to the influence of rain.- 

^ The X)latean of tlie Ardeniie.s i.s another instance of a tahlelaiid of ero.sion cut in ancient 
plicated rock.s. Its erosion i.s noticed by H. Arctowski, B. G, F. xxiii. (1895), p. 3. 

" See on'this suhji'ct Mr. Gilhert’.s suggestive remarks in the Es.say on ‘ Land Sculpture 
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The crests of mountains are watersheds of the sharpest type, wIku’c 
erosion has worked backward upon a steep slope on either side. Th<*ir 
forms are mainly dependent upon structure, and especially u|)Oii systems 
of joints. It will often be observed that the general trend of a crest 
coincides with that of one set of joints, and that the bastions, recesses,^ 
and peaks have been determined by the intersection of another set. If 
the rock is uniform in structure, and the declivity e((ual in angle <>n 
either side, a crest may retain its position; but as one side is usually 
considerably steeper than the other, the crest advances at the expense of 
the top of the gentler declivity. But, under any circunistances, it is 
continually lowered in level, for it may 1)0 regarded as the part of a 
mountain where the rate of subaerial denudation reaches a niaxininm. 
An ordinary cliff is attacked in front, ])ut a crest has two fronts, 
and is further splintered along its summit. Nowhere can the guiding 
influence of geological structure be more conspicuously seen than in the 
array of spires, buttresses, gullies, and other striking outlines which a 
mountain crest assumes. 

Valleys have had their direction determined (1) by flexures of the 
terrestrial crust; (2) by linos of fault; or {?>) by original inequalities on 
the surface of an uplifted platform of denudation. It is mucli less common 
than might be supposed to find a valley lying along a synclinal trough, 
though some of the larger depressions j)arallel with the strike of the 
plication in a mountain-chain have obviously had this origin. Again, 
the coincidence of valleys with lines of fault is ])robal)ly much less fre- 
quent than is often sup])Osed. To many geologists the mere existence 
■of a valley is evidence of the presence of a fault. In every eas(i actual 
proof of the fault should be sought in the tectonic structure of the grouml. 
The detailed mapiffrig of the Geological >Survey of Britain lias shown that 
in the vast majority of cases in that country valleys have no connection 
with faults.^ Where the disposition of a system of valleys lias hemi 
•determined by forms of surface due to the uplift of a mass of land a])o v(j 
sea-level two dominant trends may he oliservcd among them. Thci*(i i.s 
first a longitudmal series corresponding to the strike of tlic flexures in thf-; 
upraised ridge, and secondly a transverse series formed hy the flow of the 
water down the slopes into the longitudinal valleys or into the siia. But 
even in these cases, for the most part little more than the initial direction 
is due to underground movement. The actual formation of \';dleys Inis 
been mainly the work of erosion.- Their contours depend ])artly on t he 
.already cited (p. 1375). See also A. G., AV/i/z/v;, xxi.v. (ISS-l), p. 325, \vlicr(^ hi.storv of 
the watersheds of the British Isles is traced, and wliere a j'eneral f)utline of the. pliysio^rajjh y 
of the country i.s given. 

^ Lord Avebury mentions that on theSt. Gothard railway line Uk* iuiiiud.s j/a.ss six tiiiie.H 
under the Reu.ss and that no fault occurs there (‘Scenery of Kuglarid,’ j). CerbapH 

the most remarkable coincidence of a long line of depressions and valleys witli a powerful 
Tuptnre of the terrestrial ermst i.s that of the “Gn.-at Itift Valley of Eastern Africa. 

- The student should read the suggestive essay Ijy the late J. H. duk(;s (G- •/. O'. X, xviii. 
(1862), p, 378), which was the first attempt to work out the history f)f the. e.vc-avation of a 
valley system in reference to the geological hi.story of the grouml. See also INme.k, 

Jahrl). 1890, p. 165 ; E. Tietze, Jahrh. Wad. lii'iclisansi. x.xxviii. (1SS8), p. 633. 
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structure and composition of tlie rocks, and partly on tke relative potency 
of the different denuding agents. AVliere the inffiience of air, rain, frost, 
and general sahaerial weathering has been slight, and the streams, supplied 
from distant sources, have had sufficient declivity, deep, narrow, precipitous 
ravines or gorges have been excavated. The canons of the Colorado are 
a magnificent example of this result (Frontisjiiece and Figs. 124, 507), 
Where, on the other hand, ordinary atmospheric action has been more rapid, 
the sides of the river channels have been attacked, and open sloping glens 
.and valleys have been hollowed out. A gorge or defile is usually due 
to the action of a waterfall, which, beginning with some abrupt declivity 
•or precipice in the course of the river when it first commenced to flow, 
•or caused by some hard rock crossing the channel, has eaten its way 
backward, as already explained (p. 500). 

A pass is a portion of a watershed which has been cut down by the 
erosion of two valleys, the heads of which adjoin on opposite sides of a 
ridge. Each valley is cut backward until the intervening ridge is at that 
jdace much lowered or even demolished. Most passes no doubt lie in ori- 
ginal but subse(|uently deepened depressions between adjoining mountains. 
The continued degradation of a crest may obviously give rise to a jmss. 

Lakes have been formed in four several ways.^ 1. By subterranean 
movements, as, for example, in mountain -making and in volcanic 
explosions. The suTisidence of the central part of a mountain system 
may depress the heads of the valleys below the level of portions 
farther from the sources of the stream. Or the elevation of the lower 
2 )arts of the valleys may cause an accumulation of water in their upper parts. 
We have seen how seriously the uplift in vSeandinavia and in Canada and 
the northern United States is affecting the drainage in those regions (pp. 
381, 387). Or a lake-basin may be clue to a special subsidence. 2. By 
iii‘egularities in the deposition of superficial accumulations prior to the eleva- 
tion of the land, or, in the northern parts of Europe and America, during 
the disappearance of the ico-shcet. The numerous tarns and lakes enclosed 
within mounds and ridges of drift-clay and gravel are examples. 3. By 
the accumulation of a T)arrier across the channel of a stream and the con- 
sequent ponding ])ack of the water. Tliis may he done, for instance, by 
a landslip, l)y a lava-stream, by the advance of a glacier across a valley, 
or by the throwing up) of a l)ar by the sea across the mouth of a river. 
4. By erosion. AVater Iceeping stones in gyration can dig out pot-holes 
in the bed of a river or on the sea-shore. Unequal sul)aerial weathering 
may cause rocks to rot much more deeply in some places than in others, 
so that, on the removal of the rotted material, the surface of the solid 
rock might ]>e full of dep)ressions. But the only known agent capable of 
excavating such hollows as might form rock-basin lakes is glacier -ice 

For the literature couiietittMl witli lakes see the varion.s puhlicatioiis cited ]). 518. 
The most eonijdete ac(;ouiit of the lakes of any country is to be foiiiid in tlie admirable 
monograph of M. Dele.bcranK', ‘ Les Lae.s Fraiicai.s,’ wliilc the most detailed treatise on any 
single lake is the great work of Prcjf. Forel, ‘La Leman: Monographie limnologiqiie, ’ of 
which the first part of tlie third volume, devoted to the biology of the lake, has appeared as 
these pages are pas.^ing through tin.* press. 
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To what cause any particular lake l)asin is to he ascrihed must l)e 
determined in each case by an examination of its local evidence. 
Obviously in some regions all the four modes of origin may have been at 
work. A lofty mountain-chain, if still subject to underground movements, 
might sink in its central axis or have a subsidiary uplift along its borders, 
with the result of ponding back the drainage of the valleys and giving 
rise to a series of lakes. At the same time, its glaciers might be scouring 
out rock-basins on the floors of the valleys, which might eventually be filled 
with water and form lakes, or the moraines might be so irregularly 
thrown down as to enclose tarns between their mounds and ridges ; or 
lastly, avalanches sweeping down detritus from the higher slopes might 
dam up the drainage of some valleys and thus give rise to lakes. 

In any case it is obvious that as detritus is continnalty l:)eing washed 
or blown into these sheets of water, our present lakes cannot be of any 
great geological antiquity. We see, indeed, all over the northern part of 
Europe and North America, that numerous as the lakes still are, they 
form only a small proportion of tlujse that came into existence after the 
Ice Age, for innumerable examples may l)e observed of alluvial plains and 
peat-bogs which mark where lakes once existed. And everywhere we 
may trace how those which still remain are l)eing filled up by the creep- 
ing of marshy vegetation into their waters, by the influence of rain and 
wind in removing into them the fine particles of the soil from their 
surrounding slopes, and by the growth of the deltas of the streams that 
flow into them. 

In the general subaorial ‘denudation of a country, innumerable minor 
features are worked out as the structure of the rocks controls the opera- 
tions of the eroding agents. Thus, among uiidistuihed or gently inclined 
strata, a hard bed i*esting upon others of a softer kind is apt to form 
along its outcrop a line of cliff or escarpment, as in the ‘‘mesas” and 
“buttes” of the western United States (Figs. 124, 507). Though a long 
range of such cliffs resembles a coast that has been worn by the sea, it may 
he entirely due to mere atmospheric waste. Again, the more resisting 
portions of a rock may be seen projecting as crags or knolls. An 
igneous mass will stand out as a bold hill from amidst the more decom- 
posable strata through which it has risen (Fig. 324). These features, 
often so marked on the lower grounds, attain their most conspicuous 
developmetit among the higher and Ixir’cr parts of the mountains, where 
suhaerial disintegration is most rapid. The torrents tear out deep 
gullies from the sides of the declivities. Corries or cirques, if not 
originally scooped out by converging streamlets (their mode of formation 
is a somewhat difficult problem), are at least enlarged by this action, and 
their naked precipices are kept bare and steep l:>y the wedging off of 
successive slices of rock along lines of joint. Harder bands of rock 
project as massive ribs upon the slopes (Fig. 338), shoot up into 
prominent peaks, or, with the combined influence of joints and faults, 
give to the summits the notched saw-like outlines they so often present. 

. The materials worn from the surface of the higher are spread 
out over the lower grounds. We have traced how streams at once 
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begin to dro]^ their freight of sediment when, by the lessening of their 
declivity, their carrying power is diminished (p. 504). The great 
plains of the earth's kirface are due to this consequent deposit of gi'avel, 
sand, and loam. They are thus monuments at once of the destructive 
and reproductive processes which have been in progress unceasingly since 
the first land rose above the sea and the first shower of I'ain fell. Kvery 
pebble and particle of the soil of the plains, once a p(jrtion of the distant 
mountains, has travelled slowly and fitfully downwai’d. Again and again 
have these materials been shifted, ever moving seaward. For centuries, 
perhaps, they have taken their share in the fertility of the })lains and 
have ministered to the nurture of flower and tree, of the ])ird of tln^ a.ir, 
the beast of the field, and of man himself. I>ut their flestiny is still the 
great ocean. In that bourne alone can they find undisturbed repose, and 
there, slowly accumulating in massive beds, they will remain until, in 
the course of ages, renewed upheaval shall raise them into future land, 
and thereby enable them once more to pass through a similar cycle of 
change. 
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“ A.'i ” lav.'is, 2D0 
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Absarokit.c, 2‘iS, 2:01 j 

ADysuial drtposits, Ids, 177, 170, 583, 828 
Araeia, I2C2, 1270 
Acadian format ion, 031 
AcanUtasj/is, OSS, 1013, 

Acanlhoearis, 1 ()'.} I 
Aeanlitiieerifs, I 170*' 

..[eanlhoclatlia, I Odd i 
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Act i si a a, 1048 

Acmite-iraeliytc, 222 ' 

Aeotfirnd utn, 1234 i 

Aeroeifordirrras, 10i>7 | 

Aerondiif, iBlO ! 
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.. ierof/asler, 1173 

,\crolr/ils, 1 OdH 

..irrostiteniu, 1111 

^.1 erostirh iirs, 1 085 

Arrot rrtih 015, 930 


Acrothete, 915, 050 
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AcUvonina, 1117 
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1191 
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Actinozoa, earliest fossil, 912 
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AJqvipee.tenj 1 283 
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.Elites, 187, 648 
Aetobates, 1226 
Attosaurus, 1090 

Africa, geological maps of South. 11 ; lakes 
in, once connected with the sea, 41, 42, 
519 ; area, mean height, and greatest 
elevation of, 49 ; proportion of coast- 
line of,- 54 ; basalt-plateaux of, 346 ; 
active volcanoes in, 348, deserts of, 443 ; 

sand-rivers ” of, 494 ; work of termites 
in, 628 ; great rift of, 700, 1384 
pre-Cambrian rocks in, 905 ; Carboni- 
ferous system in, 1056 ; Permian, 1079 ; 
Trias, 1109 ; Jurassic, 1161 ; Cretaceous, 
1207, 1209 ; Eocene, 1239 ; evidence of 
former greater extent of glaciers in equi- 
torial, 1340 
Agathaumas^ 1214 
vl gath iceras, 1076 
Agave. 1223 

Age, geological, as a basis for the classifica- 
tion of igneous rocks, 198 
Agelacrinites, 948 
Agelacrlnus, 984 

Agglomerate, volcanic, 173, 276, 754 
Agglomerated structure, 136 
Aggregation, state of, in rocks, 32, 137, 
159 

Agnusius, 912*, 914, 940, 941 
Agnotozoic rocks, 867 
Agoniatites, 986 
Agrmdos, 914 

Agriculture, geological influence of, 631 
Agriochcerus, 1249, 1273 
Aigiies Mortes, 499, 517, 520 
Aipichthys^ 1173 

Air-breathers, earliest fossil, 943, 963, 1003, 
1032, 1033 

Air, currents of, affected by terrestrial rota- 
tion, 22 ; transport of volcanic dust by, 
293, 295 ; dust carried by, 437 ; destruc- 
tive geological action of, 432 ; influence of, 
on water, 446 ; effect of compression and 
expansion of, by breakers on rocks, 568 
Air- volcanoes, 318 
Akerite, 217, 707 

Alabaster (gypsum), 193 ; oriental, 191 
Alactaga. 1352 
Alaria, 1117 

Alaska, glaciers of, 537 * ; submarine erup- 
tion west of, 333 
Alaunian Group, 1106 
Alhertia, 1079, 1085 

Albian, 1182, 1185, 1186, 1196, 1199, 1203, 
1205, 1207 
Albite, 99, 790 
Albitisation, 790 
Alcelaphus, 1297 
Alces, 1287 

Alcyonarian corals, 937 
Alder, fossil, 1224, 1287 
Alethopteris, 1002, 1026, 1027*, 1071, 
1103, 1109, 1161 
Aleutian Islands, 279, 341, 347 


Algee, form marl, 524, 605 ; have accumu- 
lated into masses of limestone, 171, 191, 
192, 605, 1086, 1100, 1102, 1269 ; 

precipitate silica, b09, 611 ; have formed 
some kinds of coal, 184, 1018, 1025, 1075 ; 
reproductive iiitinence of some marine, 
605; transport stones in water, 1016. 
1163 ; earliest known, 910 
Algonkian, 904 
Alkali metals, S5 
Alkaline earths, 85 
Alkaline waters, 472 
Allacodon^ 1179 
Allanite, 102, 412 
Alleghany Pdver Series, 1061 
Allodcsma. 940 
Allodon^ 1159 
Allogenic, 90 
A Homy s, 1273 
Allopis, 1249 

Allorisma, 1066, 1078, 1088 
Allosaurus, 1210 
Allotri.oniorphic, 89 
Alloys, natural, in meteorites, 17 
Alluvial fans, 505* 

Alluvial series of dex)ositH, 1300 
Alluvium, 440, 504 
Aliioite, 238 

Ahms, 1164, 1252, 1270, 1276, 1277* 

Alps, upheaval of, imssibly connected with 
volcanic eruptions in Europe, 358 ; direc- 
tion of plication in, 394 ; compression of 
rocks of, 422, 678 ; glaciers of, 538*, 
539*, 542, 548, 549*; thickness of coral- 
reefs ill, 623 ; inversion of rocks in, 676* ; 
thrust-planes in, 677*, 693* ; fan-shaped 
structure in, 678*, 1371 ; regional meta- 
morphism in, 800 

pre-Cambrian rocks of, 900 ; 8ilurian, 

976; Devonian, 994 ; Carlioiiiferoiis, 801, 
1055; Permian, 1076; Trias, 1098; Jur- 
assic, 1155 ; Cretaceous, 1204 ; Eocene, 
1239, 1240 ; Oligoceiie, 1258 ; final uplift 
of, 1261; Miocene, 1270 ; Pliocene, 1290 ; 
glaciation of, 1302, 1307, 1313, 1322, 
1337; interglacial (lej)osits in, 1338; type 
of mountain-structure in, 1371 ; literature 
of the structure of, 1 371 ; geological history 
of, 1373, 1379 

Alsace-Lorraine, geological maps of, 9 
AlsopMla^ 1235 

Alteration of rocks by meteoric water, 156 ; 

by subterranean water, 473 
Alum at volcanic vents, 269 
Alum Bay, leaf-beds of, 1229, 1232 
Aluni-slate, 171, 935 

Alumina, proportion of, in eartli^s crust, 87 ; 

in sandstones and shales, 109 
Aluminium, proportion of, in outer part of 
earth, 83, 84 ; coiiibiiiations of, 84, 95 ; 
dissolves carbon and yields with water 
marsh-gas, 270 
Alveolaria^ 1283 
Alveolina^ 1166, 1232 
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Alveolites, 937, 948, 9S4 

Amalt/ieus, 1119, 1133, 1135*, 1136, 1182 

Amaltheii.s inargaritatus, Zone of, 1133 

Amazon Eiver, 492, 507, 577, 588 

Amber, 185, 830, 1257 

Amber-beds of Konigsberg, 1257 

Amherlei/a, 1117, 1215 

A. mhlothem ini, 1128 

Amhl]jetonu.s, 1229 

AinhlyxAenis, 1068 

Arnbocalia, 9*86 

Ambonychia, 933, 948*, 962* 

Ambryni, volcanic eruption of 308, 335 
America, North, area, mean li eight, and 
highest elevation of, 49 ; proportion of 
coast-line of, 54 ; extinct volcanoes of, 
278, 281 ; fissure eruptions in, 344 ; 
earthquakes in, 372, 376 ; deformation of 
land in, 381 ; variation in level of old 
lake terraces in, 385 ; variations of 
temperature in Western, 434 ; adobe 
deposits of, 439, 440 ; landslips in. 481 ; 
rivers of, 484, 486, 492, 495, 502, 503, 
504 ; alluvial fans of, 505 ; river-terraces 
of, 507, 1345 ; lagoons and bars of, 513*; 
great lakes of, 519, 523* ; salt and bitter 
lakes of, 526*, 531 ; glaciers of, 537, 540 

pre - Cainln’ian rocks of, 902 ; pre- 

Paheozoic land of, 908 ; Oambrian fauna 
in, 910 ; Cambrian system in, 929 ; 
Silurian in, 977 ; Devonian, 997 : Old 
Red Sandstone, 1013 ; Carboniferous, 
1061; Permian, 1080; Trias, 1109; 
J urassic, 1159 ; Cretaceous, 1210 ; Eocene, 
1223, 1241 ; Oligocene, 1249, 1260; geo- 
graphical changes in, during Miocene time, 
1261 ; Miocene deposits in, 1261, 1265, 
1272; Pliocene, 1298; glaciation of, 1302, 
1305, 1307, 1308, 1340; loess of, 1351; 
j)Ost-glacial or recent deposits in, 1361 ; 
general character of geological structure 
ami history of, 1374 ; great volcanic 
activity towards the end of this history, 
1374 

America, South, area, mean height, and highest 
elevation of, 49 ; proportion of coast-line 
of, 54 ; volcanoes of, 264, 268, 270, 277, 
284, 285, 292, 312, 342, 347 ; earth- 
quakes in, 365, 366, 368, 370, 375, 376 ; 
uprise of coast of, 382, 3S6 ; glaciers of, 
540 

Cambrian system in, 932 ; Silurian, 

978 ; Carboniferous, 1063 ; Jurassic, 
1159; Cretaceous, 1217 ; Eocene, 1244; 
Miocene, 1273 ; supposed former connec- 
tion of, with Australasia, 1273 : fauna in 
Pampas loams of, 1362 
Arnlojhsis, 1173 
Amiitndistius, 1166 

Amnionia, carbonate* of, possibly concerned 
in the elimination of carbonate of lime by 
marine organisms, 613 
Ammonia-nitrate in atmosphere, 449 
Arnmonoids (Ammonites), as characteristic 
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fossils, 837 ; early appearance of, 986 ; 
maxiniuni development of, 1083, 1088 ; 
bgures of, 1023*, 1087*, 1134*, 1135*, 
1136*, 1138*, 1143*, 1170*, 1171* ; 
latest divergent types of, 1171, 1172 ; 
extinction of, 1222 
A ■mnumi icrus, 1089 
Auvriifjenia, 998, 1003 
A mcebuceras, 1145 
Amo mini, 1223 

Amorphous rock-structure, defined, 89 
Amphibia, fossil, 987, 1033, 1068, 1089 
Am phi bole, 101, 109 
Arnpliiliole-oli vine-rock, 241 
Amphibolites, 101, 252, 259, 429 
A myth idince, 1116 
AmpJiictis, 1254 

Amykicyon, 1227, 1234, 1249, 1259, 1267, 
1272, 1273, 1297 
A mpJUdromus, 1250 
AniphigerUa, 986 
A viph ilcstes, 1128 
. 1 niph inieryx, 1234 
Amphion, 928, 952 
A mpldperatheriutn, 1254 
Amphipods, fossil, 941 
Amphipnra, 994 
A'lup/Uspongia, 937 
A niphlsUgina, 1269 
AmphUdus, 1128 
A mphithervim; 1128 
AmphUmgulus, 1227, 1254 
Amplexopora, 939 
Amplexus, 1021 
Ampullaria, 1297 
Ampullina, 1238, 1257 
Amp)yx, 941* 

Amstelian, 1289 
Amusium, 1232 

Amygdales, 91, 99, 104, 134*, 235, 306*, 
760 

Amygdaloid, 91, 134* 
oiiygdalus, 1223 
Amymdon, 1243, 1265 
Anahacla, 1114 
A^iahaitu 979 
A nadieirvTUs, 922 
Anculara, 1290 

Aiialcite (Aualcime), 104, 234, 238 ; as a 
constituent of basalt, etc., 104, 238, 240; 
as a q^rocluct of contact metaniorphism, 
773 

Analcite-basalt, 104, 238, 240 
Aiialcite-diabase, 234 

Analysis of rocks, inecbanical, 114 ; chemi- 
cal, 116 
Anamesite, 234 
Ananchytes, 1167*, 1168 
Anapdommphis, 1229, 1243 
AnarceMes, 986 
Anas, 1254 
Aiiatase, 85 
Anatihetites, 1107 
AQUitomites, 1107 
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Anchilo2)hAL% 1234, 1251 
AncMjipodus, 1228 
Anchippus, 1249, 1273 
n cMscciiri is, 1089 

AncMtkerium, 1227, 1249, 1263, 1273 
Anclior-ice, 189, 533, 564 
AncJmra, 1216 

Ancilla, 1237, 1250, 1263, 1267 
AiicyloceTas, 1143, 1171'" 

AneylotheriuM„ 1278, 1295 
Ancylus, 1333 
Aiicyliis-sea or gi’oup, 1333 
Aiidaliisite, 103 ; in Eietamorphisin, 428, 
773, 779, 782 ^ ^ 

Andali-isite'.scMst, 782, 797 
Andes, 264, 268, 270, 277, 284, 292, 293, 
295, 312, 322, 323, 326, 329, 331, 347 
Andesiiie, 99 

Andesite, 219, 226 note, 350; forms pla- 
teaux, 763 

Andesite Family, 228 
Andmtmda, 1211, 1252, 1257 
Anemites, 1002 
AmjeUna, 922 
A 7igiQpitend mm, 1216 
Angiosperins, fossil, 1112, 1163, 1206 
Angoumieii, 1196, 1200 
Anhydrite, 85, 107, 189, 194 ; expansion of, 
oil conversion into gypsimi, 400, 453 ; 
ai'tifieially formed, 414 ; deposits of, 1064, 
1071, 1072, 1096, 1294 
Animals, distribution of, as bearing on uf> 
lieaval and subsidence, 390 ; transport of, 
by wind, 445 ; transport of, on river 
rafts, 492 ; destructive action of, 600 ; 
protective action of, 604 ; formations due 
to, 612, 624; preservation of remains of, 
825 ; geological bearings of the geograpdii- 
cal distribution of, ^39, 849 ; earliest 
known forms of, 877, 904, 910, 931 ; 
domesticated, introduced by man into 
Europe, 1356 
Animikie Series, 904 
Anisiaii Stage, 1106 
Anisocems, 1172 
Anisotropic bodies, 125 
Aiiisus, 1238 

Annelids, triturating action of, 602 ; pro- 
tective influence of some, 604 ; paljcoiito- 
logical value of, 832 ; jaws of, 913, 942 ; 
fossil, 913*, 939, 1022* 

Anmdccfia, 1002, 1027* 

Anodoiita, 998, 1003 

Anodon-topsu, 979 

Anolcites, 1107 

A nomaloci'inus, 938 

Anomm, 1185, 1237, 1253, 1269, 1292 

Anomite, 101 

Anomarjdus, 1192 

Anomocare, 915 

Anomodoiits, 1069, 1080, 1089, 1090, 1122 
AnomojpteriSj 1085 
xUionozccmites, 1086, 1158, 1203 
Anoplia, 986 


A noployohora, 1088 
Anoplotlieca, 986 

xinoplotheriuin, 1227, 1234, 1249 
Anopoleniis, 915 
Aiiortliite, 99 
Anortlioclase, 221 _ 

Anorthojjygm, 1168, 1200 
Anortliose, 98 
Anortliosite, 232, 903 
d nostomupsis, 1202 
Ant-eaters, fossil, 1273 
Antarctic regions, volcanoes in, 347 ; ice-cap 
and glaciers of, 535, 536, 537, 545* 
565*, possible Ibnncr insular connection 
in, between Old and New Worlds, 1273, 
1365 

Antelopes, ancestral forms of, 1227 ; advent 
of living genus of, 1263 ; fossil, 1278, 
1291, 1294, 1295 
Arithodon, 1090 

Antliopliyllite, 101 ; as a metamorphic 
mineral, 774 

Anthracite, 184, 185 ; artificial production 
of, 427 ; formed in the contact -iiieta- 
moipliisin of coal, 771 
Anthmcomja, 1023, 1031, 1078 
Anthmaoptero, 1 03 1 
Anthmcoiiia, 1023, 1031, 1073 
^-1 nthmcosaimis, 1 033 
Anthnccotherluni, 1249, 1267, 1294 
Anthrapalivrnmi, 1023*, 1031 
Anticlines, 675 ; iiillueiice of, on scenery, 
1368 

Auticliiioria, 678 
Aiitigorite, 105 
Antilles. Bee Indies, West 
Antilope, 1291, 1297, 1352 
ylntipleuru, 940 

Ants, geological action of, 628 ; fossil, 1248 
Anversian Stage, 1267, 1289 
Aparchltes, 1006 

Apatite, 107, 117, 180 ; artificial formation 
of; 409, 414 
Apatocephcdus, 922 
Apcdomis, 1179 

ApatOHdiirK.s, 1126 

Apeuiiiiie chain, luetainorphism of Secondary 
and Tertiary rocks in, 804, 1105, 1157 ; 
Trias of, 1105; Jurassic, 1156, 1157: 
Cretaceous, 1206 ; Eocene, 1238 ; Oligo- 
ceiie, 1259 ; Miocene, 1271 ; Pliocene, 
1291 

Apes, early forms of, 1229, 1264, 1271, 1278 

Apliaiiite, 217, 224 

Aphanitic structure, 129 

Aphelops, 1265, 1299 

Aphriupnites, 940 

ApohyUites, 986 

Apiocrbius, 1114, 1142 

Aipioeyditee, 938 

Aplite, 205*, 217 

Apocrenic «acid, 598 

Apopliyllite, 104 

Apophyses of eruptive rocks 741 
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Aporliyolite, 215 

Aporrkais, 1170, 1230, 1256, 1277 
Appalachian coal-field, stnicturc of, 676* 
Apse'iidesicc, 11-15 

Aptian, 1182, 1185, 1186, 1196, 1198, 1203, 
1205, 1206, 1207 
Apty chops is, 964 
Aptychus-beds, 1156 
Ajms, 1333 

Aqueous Sedimentary Rocks, 159 
Aquia Creek Group, 1242 
Aquitaniau Stage, 1249, 1252, 1253, 1254, 
1258, 1259 

Aquo-igneous fusion, 412 
ArahellUes, 950 

Arachnids, fossil, 943, 963*,' 1003, 1032*, 
1257 

A mcknophijll'um., 937 

Aragonite, 106 ; less durable than calcite, 
106, 155, 177, 613, 830, 831 ; as a con- 
stituent of invertebrate skeletons, 155, 
177, 613, 830 
Aral, 8ea of, 41, 42, 527 
Andia, 1165, 1230, 1252 
Aralo-Caspiaii depression, 41, 42, 49, 185, 
318, 319, 443, 527, 529, 530 
Arapahoe Group, 1244 
Ararat, Mount, 275, 323 ; fulgurites on, 433 
Araucaria, 1246 
Arau>carites, 1085, 1140 
Amimirioxifl()/t, 1002, 1043, 1066, 1085 
Arljroath Flags, 1008 

Area, 1139, 1186, 1232, 1253, 1263, 1282, 
1331 

Area-Glay (Christiania), 1333 
Arccstas, 1058, 1089 

Arcluean, use of term, 861, 867 ; discussion 
as to origin of roeks called, 864, 870 
AreJbivdiseas, 1 020 
Archn'libras, 127 3 
Archivncidarls, 1 02 1 
x\ rchn ‘oerii lus, 9 3 8 
A rchu’oei/aUius, 9 1 2 

Arclneology and Geology, relative limits of, 
1357 

ArchbmptcriSy 984, 1002, 1012, 1039 
Archmoptcryx, 1127*, 1155 
A Tchimptilus , 1032 
A rchiivscyph ia, 911 
x\ rrJuvDZonUes, 1033 
Archanodon, 1003 
xi rcheyosaurus, 1068 
xircJdde.vnus, 943, 1003, 1010 
xiiMuedes, 1022, 1062 
xl rchhiiylacris, 1033 
xirahivluH, 1032 

Arctic Fresh - water Bed (Pleistocene of 
Norfolk), 1280, 1288 

Arctic regions, ])roofs of former warm climate 
ill, 24, 1108, 1129, 1159, 1209, 1271 ; 
former southward extension of ocean in, 
42 ; volcano in, 347 ; proofs of upheaval 
in, 387 ; Old Red Sandstone in, 1012 ; 
Carboniferous rocks in, 1056 ; Permian 


in, 1081 ; Trias olj llOS ; Jurassic, 
1158, 1159 ; Cretaceous, 1208 ; Miocene, 
1271 ; possible former land connection in, 
between the Old and New A\^orlds, 1365 
xi rctocephahbs, 1245 
Arctoepon, 1226, 1234 
xVrctoinys, 1336, 1352 
Ardea, 1254 

xirenicolites, 913*, 924, 939 
Arenig group, 945, 952 
xirethasiiia, 972 
Arfvedsonite, 101 
xlrgala, 1254 

Argentina, geological map of, 11 
Aryes, 985 

Argillaceous, defined, 137 ; deposits, 167 
Argillite, 172, 247 
xinjidoe-helys, 1231 
xlryidornis, 1226 

Argon in atmosphere, 36 ; in mineral springs, 
471 

Argoviaii Substage, 1149 
! xiri/yrosaums, 1218 

I Aridity in relation to the disintegration of 
I rocks, 435 
Ariegites, 241, 243 
, xirictUcs, 1119, 1133, 1134*, 1136 
I Arietites obtusns, Zone of, 1133 

Tnriieri, Zone of, 1133 

A rioncllus, 914 

xi ristoc If si Ues, 938 

Arias, 1226, 1298 

Arkose, 166 

Armadillos, fossil, 1273 

Armorican chain of plication, 394 

xlndocercLS, 1133 

Aniusian Stage (Pliocene), 1278, 1290, 1293 

Aroids, fossil, 1224 

xii'padites, 1089 

xirksia, 1028 

Artesian wells, 467* 

xirthnqiliycLis, 936 

xWtkropiius, 1035, 1065 

A rthrostigma, 1002, 1014 

xi rthrostyias, 939 

Artiiiskian (Permian), 1069, 1077 

xiruado, 1165 

Arvicola, 1285, 1336, 1352 

“ Arvonian,” 896 

xisaphdiaa, 922 

Asaphellas, 922 

Asaphidoe appear in Cambrian strata, 923 
Asetphm, 933, 940, 941* 

Asbestos, 113 

Ascension Island, 275, 347 
xiscoceras, 940 
Asli, oldest species of, 1204 
Ash, volcanic, 173, 273 
Ashdown Sand, 1184 

Asia, area, mean height and greatest eleva- 
tion of, 49; proportion of coast- line of, 
54; active volcanoes in, 348; transport 
of dust by wind in, 437, 439, 440 ; deserts 
of, 443 ; diminished rainfall in, 528 
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Asia, pre-Cambrian rocks in, 906 ; Silurian 
in, 979 ; Devonian, 996 ; Carboniferous, 
1057 ; Permian, 1078 ; Trias, 1107 ; Jur- 
assic, 1157, 1159 ; Cretaceous, 1209 ; 
Eocene, 1239 ; Oligocene and Miocene, 
1272 

Asilus, 1133 
Asphalt, 186 
Aspidichthys^ 987 
A spid iop}su, 937 
Aspidium^ 1209 

Aspidocems, 1119, 1142, 1144, 1145 
Aspidoceras perarmaturn, Zone of, 1142, 1144 
Aspidorhynchus, 1143, 1218 
Aspidosovia, 984 
Asplenites^ 1096 
Aspleniim^ 1158, 1165, 1224 
Assise, definition of a palaeontological, 860 
Astarte, 1078, 1116, 1119*, 1187, 1230, 
1256, 1272, 1277, 1285*, 1331 
Astartian (Kimeridgian), 1145, 1149, 1153 
Astemcanihus, 1142 
A steroUastus, 938 

Asterocalaiiiites, 937, 984, 1002, 1012, 1028, 
1030, 1034 
Asteroceras, 1133 
A sterochhma^ 1066 
Asteroidea (star-fishes) fossil, 939 
Asterok2ns, 1005 

xifiteropthylliteSy 1027*, 1028, 1065 
Asteroplax^ 1013 
Asterosteus, 988 
Astlieiiodon^ 1159 

Astian Stage, 1278, 1290, 1291, 1292 
Astieria, 1183 
Astoria Shales, 1272 
A stniBomoipha, 1086 
xlsirmospoiicjia^ 937 
xistrocmnia, 1114 
Astroconia, 937 
Astrodon, 1210 

Astronomy, relation of, to Geology, 1, 4, 13 
Astropecten, 1139 
A stylospongia, 937 
Ataxites, 131 

Atherfield Clay, 1185, 1186 
xithyris, 986, 1022, 1066, 1096 
Atlantic Ocean, characters of, 38 ; variations 
in sea -level of 43 ; submarine eruption 
in, 334, volcanoes of, 340, 347 ; rate of 
advance of tidal wave in, 577 ; tempera- 
ture-distribution in, 558 ; height of waves 
in, 561 ; depth of wave-action in, 562 ; 
climate affected by, 565 ; ocean currents 
in, 577 ; proofs of upheaval in, 622 ; area 
of foraminiferal ooze in, 624 ; indica- 
tions of uprise of floor of, 1302 ; origin of 
basin of, 1367 
A tlantoscmrus, 1126 
Atlantosaurus Beds, 1159 
Atmosphere, currents of, affected by terres- 
trial rotation, 22 ; height of, 34 : x'>ressure ! 
of, 35, 44, 723 ; original constitution of, | 
35 ; supposed former greater amount of ! 


carbonic acid in, 35, 1019 ; composition 
of, 36 ; water-vapour in, 37, 447 ; con- 
nection of varying pressure of, with vol- 
canic eruptions, 281 ; disturbance of, by 
volcanic explosion of Krakatoa, 291 ; 
transport of volcanic dust by, 293, 295 ; 
geological action of, 431 ; cause of move- 
ments of, 431 

Atmospheric pressure, 431 ; a(fe(;ts volcanic 
activity, 281 ; affects water-level, 446 ; 
' affects springs, 467 
Atolls, 616*, 618*, 619 ; xnobably b:ised on 
volcanic i)eaks, 336 
xitractitfi.% 1088 
xUm>a, 940, 948*, 986 
xHwriiu 1260, 1270 
xUiixUa, 1066, 1116, 1169 
x\ t(chen(ifij>lii, 942 
Augeiigneiss, 257, 682 
Augite, 102, 146 ; artificial i>rodneiion of, 
403, 413 ; conversion of, into lionil)len<le, 
424 ; as a contact- mimu'al, 773 
Augite - andesite, 229 ; artificial j)ro(luctiou 
of, 404 

porphyry, 233 

rock, 232, 251 

schist, 251 

Augitgranulite, 258 

Aiigitite, 240 ; artificially formed, 40f) 

■ Auk, bones of Great, in sluOl-mouuds, 1360 
I Auliicoceraa^ 1088 

! x\ tdac(pferiH, 1019, 1036 
! uAidoagnuw^ 937 
x\nl(q)h!/lhnn, 1021 
i x\rdop(ira, 984, 1021 
I x\ulodeti(\% 1066 

■ Auriniht^ 1215 
xiuriiUd^ 1277, 1286* 

Australia, geological maps of, 11 ; urea, mean 
height, and highest elevation of, 49 ; )»rn> 
j)ortion of coast-line of, 54 ; Gniat Barrier 
reef of, 616 ; U]n-ise, of Qinumsland coast 
of, 622 

I)re-Cambrian rocks of, fH)7 ; Gamlirian, 

933 ; Silurian, 979 ; I)(!Voniaii, 99f) ; 
Carboniferous, 1058 ; Pcu’inian, 1079 ; 
Trias, 1108; Jurassic, 1161 ; (fretaceous, 
1218 ; Eocene, 1244 ; Oligoe.ene, 1260 ; 
siiijxmsed former coniiecstion of, with 
South America, 1273 ; Miocene deposits 
ill, 1274 ; Bliomme, 1299 ; Phdstoceiie, 
1346 

Austria, geological maps of, ft ; earthqualies 
in, 359 ; regional luetamorplji.sm in, 801, 
804, 805 

pre-Gambriau rocks in, 901 ; r!fimbria.ii, 

929 ; Silurian, 973, f)76 ; Devonian, fffbi, 
994 ; Carboniferous, 1055 ; Permian, ]076» ; 
Trias, 1099; Jurassic,, 1155; (.Vefaccons, 
1205; Eocene, 1239; Miocene, 1268; 
Pliocene, ]2fl3 ; glaciation in, lf338 
Ausvveichungselivage, 68 1 
Authigenic, 90 
Autoclastie, 683 
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Automorpliic, 89, 151 
Autiinian (Permian), 1069 
Auvergne, literature of volcanic geology of, 
280 ; peperiteof, 175, 751, 1254; volcanic 
plienomeiia of, 268 ; old fumaroles of, 
269 ; no historic eruptions in, 278, 280 ; 
successive eruptions of, 281 ; breached 
cones of, 297 ; lava -dammed lakes of, 
308 ; freshness of some .lavas in, 310 ; 
trachyte -puys of, 323, 329, 330, 342, 
761 ; crater-lakes of, 325 ; tuff cones or 
puys of, 327* ; hydrocarbons associated 
with peperites in, 357 ; Oligocene lakes 
of, 1254 ; volcanic action begun in Oligo- 
ceiie time in, 1254 ; former glaciers in, 
1308, 1336 
Avalanches, 493, 534 
Avellamc, 1170 

Avicula, 986, 1078, 1088, 1095*, 1116, 
1231, 1282 

Avicula -contorta- zone, 842, 1094, 1096, 
1101, 1106 

Avimlopeden, 969, 986, 1021*, 1022, 1078 
Aximis, 1256 
Axiolitic, 132 

Ayrnestry Limestone, 953, 960 
Azo-humic acid, 598, 599 
Azoic rocks, 861, 867 
Azores, 334, 341, 347 

Bal)ylon, growtli of dust and soil at, 438 
“ Backs or strike-joints, 660 
Bacteria, liberation of sulphur by, 579 ; 
nitrification by, 599 ; in tlie production of 
peat, &c., 606 
Bartrlte.% 986, 1103 
Bacnilles, 1170* ; extinction of, 1222 
Bad Lands, 464*, 465 
Badioliies, 1089 
BagoHits, 1298 
Baggy (rroup, 989 
Bagshot Series, 1229, 1232 
Bai&'a, 1065, 1086, 1112, 1165 
Bainlm, 941, 985, 1023, 1031, 1135 
Bajocian Group, 1131, 1139, 1150 
Bajiivarian Series, 1106 
Baiiaruas, moliuii rocks of, 161 ; recent up- 
rise of, 381 

Bakemllia, 1066, 1067* 

Bala Group, 945, 947 
Balmnoptem, 1251 
B(daho 2 )hyllui, 1257 
Bakmus, 1250 
Balaton Lake, 518 
Balatonian Group, 1106 
Balittonite.% 1097 

Baltic Sea, variations in level of, 43, 377, 
380 ; lagoons of, 513 ; Cambrian rocks 
around, 924 ; Silurian system in basin of, 
966 ; Pleistocene history of, 1332 
Baltimorite, 105 
Bamhanag ites, 1107 
Bamboo, fossil, 1276 
Banakite, 228, 236 


Banded structure, 131, 232, 246, 256, 711, 
788, 869, 884 
Banksia^ 1262 
Bannisdale Flags, 964 
Baptanodon^ 1126 
Baptanodon Beds, 1159 
Bagdosaurus, 1215 

Barbados, geological map of, 11 ; upraised 
coral - reefs of, 382 ; upraised modern 
limestone in, 613, 622 
Barhatiaj 1331 
Barbel, fossil, 1287 

Barium, proportion of in outer part of 
earth, 83 ; combinations of, 86, 107 
Barnacles, protective inliiience of, 604 
Barometer, indications of atmospheric con- 
<litions given by, 431, 432 
Barrandeocr miis, 968 
Bctrrand.ia^ 945, 946 
Barremien, 1197 
Barren Island, 336 
Barrier Reefs, 616, 618* 

Barroifiia, 1166 

Bars along coast-lines, 55 ; of rivers, 510 
Barton Clay (Bartonian), 1229, 1233, 1234, 
1240 

Barytes, 107, 165, 814 
Basalt, native iron in, 93 ; gradation of, into 
obsidian, 137 ; gases in, 142 ; decomposi- 
tion of, into wacke, 168 ; and allied rocks 
described, 231 ; characters of, 234* ; 
varieties of, 235 ; analyses of, 239 ; heat 
evolved by, in crushing, 401 ; artificial 
production of, 404, 405, 406 ; weathering 
of, 455 ; number of cubic feet of, to one 
ton in air and in sea-water, 568 ; inter- 
calated sheets of, 756, 761, 763 ; persist- 
ence of streams of, 763 ; as a constituent 
of volcanic plateaux, 763 ; contact meta- 
morphism by, 769, 770, 772 ; alteration 
of by contact with coal, 775 
Basalt-glass, 235, 770 

Basaltic structure. See Columnar structure 
Basanite, 237 

Basic igneous rocks, caustic iiittuence of, 
776 

Bastite, 102, 105 

Bath, annual discharge of mineral matter by 
warm springs at, 477 

Bathonian Group, 1131, 1140, 1150, 1158, 
1160, 1161 
Bath -stone, 1140 
Bathyopsis, 1243 
Bathyop.sis Beds, 1243 
Bathyuru.% 933, 978 
Batiilaria, 1238, 1250 
Batocrinus, 1022 
Batolites^ 1169* 

Bats, early forms of, 1227, 1234, 1237, 1254 
Bauxite, 84, 169, 186 

Bavaria, geological maps of, 9 ; pre-Cam- 
brian rocks of, 901 ; Triassic, 1098 ; 
Jurassic, 1155 ; Cretaceous, 1205 ; Eocene, 
1239 ; glaciation of, 1338 
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BavariUa, 922 
Baijania, 1238, 1253 
Bays, 55 

Beach, nature and origiu of a, 383, 657* ; 
deposits of, 580 

Beaches, Eaised, 29, 383^ 1325^ 1331, 
1345 ; abundant in higher latitudes, 384* ; 
formed during pauses in the eriiergence of 
land, 1324 
Beania, 1112 

Bear Island, Old Red Sandstone in, 1012 
Bears, fossil, 1264, 1278, 1287, 1355, 1356 
Beaufort Beds (South Africa), 1080 
Beaver, geological influence of, 601 ; fossil, 
1249, 1254, 1263, 1271, 1278, 1287, 1356 
Bed, definition of, 635, 860 
Bedded structure, 136 
Bedding, forms of, 634 
Beds or Assise, 860 
Beech, fossil, 1165, 1210, 1224, 1287 
Bela, 1286 

Bdeniriitella, 1172*, 1173 
Belemnitella mucronata, Zone of, 1132, 1193, 
1201 

BelemnUes, 1120, 1137, 1173 

Belemnites brunsvicensis, Zone of, 1182, 1184 

jaculum, Zone of, 1182, 1183, 1184 

lateralis, Zone of, 1182, 1183, 1184 

minimus, Zone of, 1182 1184 

Bele/tiiiocrimis, 1022 

Belermioids, development of, in Mesozoic 
time, 1083, 1088, 1118 ; declined in 
Cretaceous time, 1118 ; stratigraphical 
value of, 1119 ; disappearance of, 1171, 
1222 

Beleamofeuthis, 1173 

Belgium, geological maps of, 9 ; whet-slates 
of, 171 ; traces of subsidence and re- 
elevation of coast of, 608 ; great over- 
thrust fault in, 693, 1370 ; metamorpbism 
of the Ardennes in, 799 ; Cambrian 
system in, 927 ; Silurian, 971 ; Devonian, 
991 ; Carboniferous, 1051 ; Cretaceous, 
1195 ; Eocene, 1234 ; Oligoceiie, 1255 ; 
Miocene, 1267 ; Pliocene, 1288 ; Pleisto- 
cene, 1337 

Belinurus, 1012, 1024 
Bellerophoii, 914*, 939*, 940, 986, 1023, 
1076 

Bellia, 1297 
Belly River Series, 1217 
Belodon, 1090 
Beloceras, 986 
Belonites, 148 
BehnLorhynchus, 1109 
Belouostomus, 1218 
BelojBem, 1231 
Belosepia, 1226 
Beloteuthis, 1118 
Belvedere-Schotter, 1294 
Ben? bridge Beds, 1250 
BeyiecJceia, 1097 

Bengal, volcanoes of Bay of, 336 
Bennettites, 1185 


Benthos, 827 
Benton Group, 1215 
Berenicea, 1115, 1168 

Berg, sands of, 1256 ^ 

Bering Sea, submarine eruption in, 333 
Bermudas, molian rocks of, 161, 443, 609, 
614 ; recent subsidence of, 444 ; wind- 
borne fauna and flora of, 445 ; red earth 
of, 458 ; mangrove jungles of, 609 
Bernissartiau, 1198 
Berioynia, 936 

Berycidae, early forms of, 1173 
Berycopsis, 1173 
Bettongia, 1245 

BetiUa, 1257, 1263, 1288, 1304*, 1315 
Beyrkhia, 923, 940, 941, 985, 1006, 1023, 
1031 

Biancone, 1156 
Billing sella, 915 
Biotite, 101 

Biotite-olivine-rock, 241 
Birch, Arctic, as evidence of cold climate, 
1288 

Birch, fossil, 1271, 1276, 1287 
Birds, supposed earliest forms of, 1090 ; 
oldest known, 1127*; Cretaceous, 1175, 
1177*, 1178*, 1208 ; Tertiary, 1226, 1248, 
1254, 1287, 1295 
“Birikalk” of Norway, 900 
Birkcnia, 942 
Birkhill Shales, 965 
Bison, 1287, 1297, 1358 
Bison, geological action of, 604 ; fossil, 
1273, 1287 

Bithinia, 1202, 1253, 1287, 1333 
Blthynella, 1287 
Bitter spar, 107 
Bitter waters, 472 
Bittiwn, 1272 
Bituminous odour, 140 
Black as a tint of rocks, 139 
Blackband ironstone, 187 
Blackdown Beds, 1189 
Blackheath Beds, 1229, 1230 
Black Sea, large proportion of sulphuretted 
hydrogen in water of, 47, 628 ; delta of 
Danube in, 516, 517 ; tides in, 556 
Blanco Stage (Pliocene), 1299 
Blajjsidiuiih 1141 

Blastoids as characteristic fossils, 837 ; primi- 
tive forms of, 938 ; increase of in Devonian 
time, 984 ; maximiini develop)nient of, 
1021 ; extinction of, 1082 
BkittiTia, 1073, 1133, 1273 
Bleaching in contact metaniorphism, 768 
Blocks, erratic. See Erratic Blocks 
Blocks, volcanic, 172, 275, 754, 755* 
Blood-rain, 444 

Blown sand, varieties of, 161, origin of, 440 
Blow-pipe tests for minerals, 118 
Blue, as a colour of rocks, 139 
Blue muds of sea-bottom, 582, 601 
Boar, Wild, fossil, 1237, 1272, 1287, 1295 
1366 
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Boghead, 184, 1018, 1026, 1075 
Bog-iron-ore, 96, 187, 194, 612, 812 
Bognor Beds, 1229, 1231 
Bogoslof, a suhmarine volcano, 333 
Bogs, 606 

Bohemia, geological maps of, 9 ; pre-Camhrian 
rocks of, 901 ; Cambrian, 92S ; Silurian, 
973 ; Devonian, 993 ; Carboniferous, 1055 ; 
Permian, 1068, 1074 
Boliiierz, 187, 194 
Bqjan gneiss, 901 
Bo'lderian Stage, 1267, 1289 
BolCcc, 979 
Bolodou, 1128 
Bombs, volcanic, 172, 274 
Bone-beds, 181, 627, 1039, 1094, 1095 
Bone-caves, formation of, 478 ; preservation 
of animal remains in, 827. See also umler 
Fissures 

Bononian, 1148, 1149, 1157 

Booaho:rif,s, 1273 

Boom, Clay of, 1 255 

Boracic acid at fiimaroles, 269, 314 

Borax lakes, 525 

Boreodo'n, 1217 

Bore/ is, 1240 

Bores, tidal, 557 

Boricky’s method of rock analysis, 118 
Bor a la, 1036 
Borolanite, 222, 223 

Boron at volcanic vents, 269, 314 ; as a 
mineralising agent, 415, 809 ; in brine- 
spring, 472 
Borupfutgus, 1299 
Borscale, 93 

Bos, 1293, 1297, 1338, 1358 
Boselnpl^'^'^-i 1297 
Bosnia, geological niap.s of, 9 
Bosnian Cronp, 1106 

Bosses, structure and origin ol‘, 722 ; of 
granite, 723 ; of other rocks than granite, 

730 ; effects of, on contiguous rocks, 730, 
767 ; influence of contiguous rocks on, 

731 ; connection of, with volcanic aedion, 
731 ; association of, with crystalline schists, 
731 

Bostonite, 219, 220 

Bothnia, Gulf of, change of level in, 377, 
380, 387 ; glaciation of, 1332 
BofJiriocidaris, 9 39 
Bothrlolepls, 998, 1005 
Jiot/i rlospondylus, 1145 
Bothrodendron, 991, 1002, 1028 
Boih.rolahis, 1273 
Bottom-ice, 189 
BoUasaurus, 1217 

Boulder- beds, 113, 249, 250, 891, 1057, 
1058, 1059, 1079, 1239 
Boulder-clay, 169, 547, 556, 1309, 1331 ; 

rocks contorted under, 548, 669, 1309 
Boulders in Carboniferous system, 1016 ; in 
Chalk, 1163 ; in Eocene, 1239 
Bourbon, Isle of, 297, 323, 336, 339 
Bourgueiia, 1136 


Bomgmticrimts, 1168 

Bournemouth, leaf-beds of, 1229, 1232 

Bovey Tracey, lignites of, 1229, 1233. 

1251 

Bowen Formation (Queensland), 1058 
Bowlingite, 105 
“Box-stones” (Pliocene), 1281 
Bracheux, Sables de, 1235 
Brachiopoda, evolution of, 847 ; earliest 
forms of, 914*, 915 ; maximum develop- 
ment of, 939, 985 ; waning of, 1022, lOSS, 
111.5 

Braxliymetopus, 1023 
Brmhymylus, 1144 
Brachijopts, 1079 

Bradiiiphijlhiui, 1059, 1086, 1133 
Bracklesham Beds, 1229, 1232 
Bradford Clay, 1138, 1140, 1142 
Brahinanian Stage, 1106 
B ramatfuirlivm, 1278 
Bra/ftchiosaurus, 1 068 
Brancoceras, 986 
Brandschiefer, 184 
Brauns’ solution, 115 

Brazil, depth of weathered rock in, 458 ; 

operations of ants in, 628 
Breakers, 561, 567 

Breaks in the succession of organic remains, 
842, 857 

Breccia, 113, 163, 173, 627 ; osseous, ISl, 
627, 1094, 1237, 1266 
Breceiated structure, 135 
Brei/nia, 1272 
Brick-clay, 168 

Brick - earth, 161, 460; as a Palfcolithic 
deposit, 1350 
Bridger Group, 1243 
Brienz, Lake of, 510 
Brine springs, 451, 472 
“Brioveriau System” (pre- Cambrian), 901 
Brissopn.eustes, 1208 
Brissopsis, 1269 

Britain, geological maps of, 8 ; Carbonifer- 
ous volcanic history of, 174, 175, 275, 
2S1, 292, 327, 348, 755*-75S, 763, 1040, 
1041, 1043, 1045 ; pitchstones of, 149, 
216 ; trachytes and phoii elites of, 226, 
348 ; andesites of, 230, 348 ; basalts of, 
235 ; foliated serpentine of, 242 ; Per- 
mian volcanic hisstory of, 275, 276, 279, 
281, 292, 348, 751,761, 1070; Tertiary 
volcanic history of, 281, 345, 348, 351, 

1252 ; lall of volcanic dust on, from Ice- 
land, 295 ; granophyre domes of, 329, 
351 ; basalt- plateaux of, 345, 348, 351 ; 
pre-Cambrian volcanic action in, 348, 891 ; 
system of dykes in, 346, 886, 1252 ; earth- 
quakes in, 359, 363, 364, 371 ; raised 
beaches of, 385, 512, 1324, 1325*, 1331 ; 
submerged forests of, 389 ; fjords of, 391 ; 
subsidence of coal-fields in, 399 ; sand- 
dunes of, 442 ; landslips of 480 ; river 
action in, 483, 484, 486, 487, 489, 490, 
493, 507 ; lowering of surface of by chemi- 
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cal solution, 489 ; river terraces in, 507, 
1358 ; lagoon barriers in, 513 ; temi^era- 
ture-observations in lakes of, 520 ; tides 
in, 558 ; height of waves in, 561 ; measure- 
ments of force of waves in, 561 ; breaker 
action on coasts of, 567, 569, 570*-574 ; 
discoloration of sea around, after rain, 577 ; 
estimated rainfall and annual denudation 
of, 591 ; submarine platform of, 596* ; 
peat-mosses of, 607*, 608*; isoclinal fold- 
ing in, 676* ; overthrust faults in, 691, 
692, 793*, 892* ; petrographical volcanic 
province in, 707 ; sequence of petrographi- 
cal types in, 709 ; granite bosses of, 726*, 
730*, 778 ; granitisation in, 729 ; sills of, 
733*, 735*, 737* ; eruptive veins in, 738*; 
dykes in, 743-747 ; volcanic necks in, 
749*, 751*; occurrence of “white-trap” 
in, 775 ; contact metamorphisni in, 768, 
769, 770, 772, 773, 775, 778 ; regional 
inetaniorphism in, 792 ; age of youngest 
Highland granites of, 797 ; latest plication 
of Highlands of, 797, 952 ; mining dis- 
tricts of, 815 ; history of the present 
fauna and flora of, 840 
Britain, pre-Cambrian rocks of, 882 ; Cam- 
brian series in, 910 ; Silurian, 942, 945 ; 
Devonian, 988 ; Carboniferous, 1038 ; Per- 
mian, 1069 ; Trias, 1090, 1091 ; Jurassic, 
1131 ; Cretaceous, 1180 ; Eocene, 1229 ; 
Oligocene, 1249 ; volcanic plateau of Ter- 
tiary age, 1252 ; no Miocene deposits 
known in, 1266 ; Pliocene, 1280 ; great 
uplift of south of, since Pliocene time, 
1282; glaciation of, 1302, 1306- 1307, 
1321, 1328 ; Recent or post-glacial series 
in, 1358 

Brockrani, 1070, 1092 
Brodia^ 1032 

Bromine at volcanic vents, 269 
Brousil Grey Shales, 923 
Bronteus, 952, 974, 983*, 9S5 
Bfontops, 1249 
Brontosaurus, 1125 

Bronze section of Prehistoric Period, 1347 

Bronzite, 102 

Brookite, 85 

Brooks and Rivers, 481 

Brooksella, 912 

Brown as a colour of rocks, 139 
Brown coal, 182 

Brown Coal (Oligocene), 1256, 1257 
Bruxellian, 1234, 1237 
Bryograptus, 923, 949 
Bi-yozoa. ^ee Polyzoa 
Bryum, 1315 ; as a former of calc-siiiter, 
611 

Buho, 1254 
Bucapra, 1297 
Buccinofusus, 1285 

Buccinum, 1187, 1253, 1263, 1277, 1333 
B'uchiceras, 1213 
Buchites, 1089 

Buckthorn, fossil, 1165, 1276 


Bulirstone, 166 

Building-stones, works on, 7 ; weathering 
of, 454 

Bidimina, 1166 

Bulimns, 1202, 1238, 1297, 1352 
Bunmstus, 955 
Bimadurns, 1249 
Blindnerschiefer, 802, 1099, 1373 
Bimouieryx, 1243 

Bunter (Trias), 1091, 1092, 1097, 1102 
Buprestis, 1141 
Buprestites, 1133 

Biirdigaliaii Stage, 1267, 1270, 1271 
Burlington Group, 1061, 1062 
Burruni Formation (Queensland), 1161 
Buttercup, fossil, 1276 
Buttes, 437, 465, 1387 
Byssacanfkus, 987 
B ythocyp rls, 1031 
Bytliopora, 939 
Bythotrcphis, 936, 984 

Cactus, fossil, 1224 

Caddis- worm, fossil, 825 ; limestones formed 
by, 1254 
Cadocmis, 1143 
Cadoinella, 1116*, 1136 
Cadurcothcriunu 1 249 
Caeii Stone, 1150 
CivnopUhems, 1227, 12;54 
Qiirruitheriuni, 1234, 1254, 1268 
Civsalpina, 1232 

Catter cat in Palmolitliic time, 1353 
Cail lasses (Eocene), 1236 
Cainozoic or Tertiary, 861, 1219 
Calamites, 1004, 1012, 1019, 1026, 1065, 
1085, 1103 
Caln rn it in a, 106 5 
(JalamocUalus, 1002, 1028 
Calamodcndron, 1019, 1028, 1065, 1075 
Calavhodou, 1243 
(Mam ogjhy Ilia, 1 OS 6 
(Mam op) itys, 1028 
(Jalaniostachys, 1 0 2 S 
(Jala^ioxia, 937 
(Mathium, 920 

Calaveras skull, discussion regarding, 1361 
Calcaire Grossier, 1236 
Calcaphanite, 233 
Calcareous, defined, 137 

rocks of organic origin, 176, 605, 611, 

612-624 

Calcareous Grit, 1131, 1142 
Gcdcar'ma, 1166 
Calceocriwiis, 938, 984 
(Jalceola, 984, 985* 

Calcite, 91, 99, 106 ; more durable than 
aragonite, 106, 155, 177, 613 ; ready 
cleavage of, 113^ concretionary forms of, 
135 ; as a petrifying agent, 474, 831 ; as 
a constituent of invertebrate skeletons, 
830. Bee also under Calcium-carbonate. 
Calciferous Group, 978 
Calciferous Sandstone Series, 1042 
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Calcium, proj^ortion of, in outer part of 
earth, 83 ; combinations of, 85 
Calcium-carbonate in sea-water, 46 ; wide 
diffusion of, 85 ; mineral forms of, 106 ; 
detection of, in rocks, 117 ; cycle of trans- 
port of, 156 ; infiltrated into calcareous 
rocks imparts to them a crystalline struc- 
ture, 156, 176, 178, 188, 444, 474, 475 ; 
deposits of, 176, 190, 446 ; abundantly 
infiltrated into rocks, 428 ; decomposing 
influence of, 470 ; solubility of, 471 ; as 
a petrifying medium, 474 ; wide diffusion 
of, among rocks, as a proof of alteration, 
474 ; ill spring waters, 470, 471 ; in 
rivers, 488, 489 ; precipitation of, in salt 
lakes, 530, 531 ; precipitation of, in the 
sea, 579 ; precipitation of, by plants, 605, 
611; precipitation of, by animals, 612; 
possible source of, from the gypsum of sea- 
water, 613 ; in mineral veins, 814 
Calcium - phosphate, 86, 107, 177, 188, 
626, 830 

Calcium-sulphate in sea-water, 46 ; in the 
earth’s crust, 86 ; alteration of, to native 
sulphur, 92 ; mineral forms of, 107 ; in 
river water, 488 ; promotes precipitation 
of mud, 492. See also Anhydrite and 
Gypsum 

Caleiuin-sulpliide, 93, 451 
Calcination in contact nietamorpliism, 770 
Calc-sinter, 191, 476, 605, 611 
Calderas, 290, 324, 326, 335 
Caledonian direction of plication in Europe, 
394 

(MUidenna^ 1168 
(MlLiostoina, 1277 
C<dlipteridiuvi, 1035, 1080 
Calliiitc.rL^ 1065 
CallitHs, 1223, 1253 
(hdlixj iiathns^ 988 

(Mlogrcq)tuH, 977 
(Mlopora^ 939 
Oall opHstodns^ 1043 

Callovian, 1142, 1149, 1153, 1156, 1157, 
1158, 1160 

Calocems, 1133, 1134* 

Caloceras raricostatiini, Zone of, 1133 
Caloosahatchie Group, 1298 
Calodplis, 937 
Oalyvieue, 941*, 958, 985 
(Jah/nun at.otheca, 1 02 6 * 

(kdyptognqifAis^ 955 
(■alyptnm, 1231 
damarophoria, 986, 1066 
(Jamarospira, 986 
(Janiarotmchia, 956, 991 
Cambrian system, history of name of, 862, 
909, 916 ; idiosphatic nodules in, 180 ; 
glauconitic deposits in, 181 ; volcanic 
phenomena of, 313, 348, 761, 910, 916 
927 ; stratigraphical relations of, to pre- 
Camiirian rocks, 793*, 862 ; general 
characters of, 908 ; rocks of, 909 ; fossils 
of, 910 ; threefold subdivision of, 915 ; 


in Britain, 793*, 883, 915 ; in Scandi- 
navia and basin of Baltic, 924 ; in France 
and Belgium, 927 ; in Spain and Portugal, 

928 ; in Bohemia, 928 ; in Poland, etc., 

929 ; in North America, 929 ; in South 
America, 932 ; in China, 932 ; in India, 
933 ; in Australasia, 933 

Cambridge Greensand, 1175, 1182, 1188 
Camelidas, evolution of the, 847 
Oavielo-pcmlalis, 1295, 1297 
Camels, fossil, 1249, 1273, 1317 
Camelus, 1297 
Campagna, Eoraan, 1292 
Campanieii, 1196, 1201 
Campanile, 1225* 

Canipinian Sands, 1337 
Gcmiptoimis, 1179 
Camptoiiite, 224, 225 
Camp tuptens, 1098 
(Jainpdnsaums, 1 144 

Canada, geological maps of, 10 ; deforma- 
tion of land-surface in, 381, 387 ; rivers of, 
498 ; great lakes of, 519, 523* ; frozen lakes 
and rivers of, 532, 533 ; pre-Cambrian 
rocks of, 868, 876, 879, 902, 930; 
Silurian, 977 ; Devonian, 997 ; Old Bed 
Sandstone, 1013 ; Carboniferous, 1061 ; 
Trias, 1109 ; Cretaceous, 1210, 1216 ; 
Oligocene, 1260 ; glaciation of, 1302, 
1307, 1340, 1344 
Canary Islands, 326, 341, 347 
Cancellaria, 1226, 1248, 1263 
Ccmcellophycus, 1151 
Caiicrinite, 221 
Cmimiartes, 1299 
Canis, 1287, 1297, 1336 
Carmel (Parrot) coal, 184 
Cannou-shot gravel, 1323 
Canons, 504, 1382*, 1383, Frontispiece* 
Cape Colony, pre-Cambrian I'ocks in, 905 ; 
Carl)oniferous, 1056 ; Permian, 1079 ; 
Trias, 1109 

Cape Fairweatber Beds, 1274 
Capercailzie, bones of, in sliell mounds, 
1360 

Cape Verde Islands, 341, 347 
(kqjltomnrvs, 1097 
(Japra, 1297 
(JapreoluH, 1293, 1358 
Coprina, 1170, 1212 
(kiprimda, 1170 
Caprotina, 1170 
Cap id us, 986 
Caradoc Group, 945, 947 
Carbides, possible sources of hydrocarbons 
and of graphite in earth’s crust, 86, 270, 
318, 879 ; po.ssible connection of, with 
some volcanic phenomena, 270, 357 
Carbon, proportion of, in outer part of 
earth, 83 ; fundamental element of or- 
ganic life, 86 ; coinliinations of, 86 ; un- 
combined, or native, in rocks, 91 
Carbon-monoxide in rocks, 86, 142 
Carbonaceous, defined, 137 ; deposits, 181 
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Carbonas (mining term), 819 
Carbonates, 106, 117, 158 ; alkaline, de- 
composing power of, 414, 470, 599 ; for- 
mation of, by rain, 452 ; by iindergronnd 
water, 473 ; by the sea, 566 ; by organic 
acids, 599 

Carl)on-dioxide (carbonic acid), in the atmo- 
sphere, 36, 449, 1019 ; in sea- water, 46 ; 
composition of, 86 ; solubility of, 86, 449 ; 
in rocks, 86, 106, 142, 143 ; at volcanic 
vents, 268, 313, 314, 357, 469 ; at mud 
volcanoes, 318 ; in coal-mines, 427 ; in 
rain, 449, 450 ; solvent power of, 451 ; in 
soil, 460, 469 ; removal of, from atmo- 
sphere by plants, 597 ; geological action 
of, possildy often initiated by organic 
acids, 598 ; supposed former greater 
amount of, in atmosphere, 35, 1019 ; varia- 
tions in amount of atmospheric, invoked 
to explain changes of climate, 1327 
Chrbania, 1031 

(Jarbotuiwla, 1023, 1031, 1077 
Carboniferous Limestone, conditions of de- 
posit of, 652, 657 ; volcanic zones in, 
755 ; fossils of, 1025 ; description of, 
1039 

Carboniferous Slate, 1046 ^ 

Carboniferous System, volcanic phenomena 
ill, 348, 755'^-758, 763, 1015, 1040, 1041, 
1043, 1045, 1046, 1047, 1058, 1061 ; re- 
appearance of organisms from lower hori- 
zons in, 856 ; detailed account of, 1014 ; 
rocks forming, 1014 ; two phases of sedi- 
mentation in, 1014 ; origin of coal of, 
1017 ; marine fauna of, 1020 ; flora of, 
1025 ; supposed proofs of glaciation in, 
1050, 1057, 1059 ; in Europe, 1037, 
1051 ; in Britain, 1038 ; in Africa, 1056 ; 
in Asia, 1057 ; in Australasia, 1058 
Carcliarias, 1298 

QcrcMrodon, 1242, 1255, 1269, 1289 
Car(liastei\ 1168 

Cardiaster fossarius, Zone of, 1182, 1189 
CanUnici, 1116 
Oardiocarjpus, 1028, 1031'^ 

Caniioceras, 1119, 1142, 1145 
Cardioceras alteriiaiis, Zone of, 1145 

cordatnm, Zone of, 1142 

CcLTiiiodoii, 1142 
CttrdMa, 947, 962*, 986 
C(vrd.w2^tcTis, 1012, 1036 
Cardita, 1088, 1237, 1257, 1263, 1264*, 
1277 

Ccvrdimn, 1088, 1116, 1169, 1225*, 1248, 
1263, 1277, 1331 
• Carentonien, 1196, 1200 
Carinthian Stage (Trias), 1101, 1103, 1106 
Cariocaris, 949 
Caniallite, 108, 190, 1074 
Carnivora, evolution of the, 848 ; fossil 
forms of, 1226, 1227, 1249, 1254, 1265, 
1273, 1278, 1297, 1299, 1315, 1317, 1353 
Carpinus, 1263 
Car^polithus, 1028, 1075 


Carps, fossil, 1258 

Garstoiie (Cretaceous), 1182, 1184, 1189 
Garyocrhms^ 938 
Caryommion^ 937 
Caryophyllia^ 1167, 1257 
Garyospongia, 937 

Caspian Sea, originally a part of the ocean, 
41, 42 ; average depth of, 49 ; oil springs 
of, 185, 319 ; mud volcanoes of, 318 ; 
sand dunes of, 443 ; account of, 527 ; 
salts ill water of, 529 
Cassia, 1165, 1232 

Cassiaii Beds (Trias), 1101, 1102, 1103, 
1106 

Ca^sianella, 1088 

Oassidaria, 1231, 1252, 1271, 1283 
Cassis, 1231, 1263, 1283 
Castanea, 1257, 1292 
Castocrinus, 938 
Castor, 1287 
Cat, fossil, 1263, 1278 
Cataclastic structure, 135, 421 
CatatJdiVus, 1243 
Catopygus, 1189 
Catskill Sandstone, 997 
Cataras, 1122, 1147 
Caulinites, 1165 

Caulopieris, 997, 1026, 1066, 1085 
Caustic action of igneous rocks, 710, 731, 
775 

Cave-bear, 1355, 1358 

Cave-men (Palceolithic), proliable life of, 
1355 ; carvings and frescoes by, 1355 
Cavernous structure, 133 
Caverns, earthquakes caused by collapse of 
roofs of, 369, 479 ; evidence of upheaval 
from sea-worn, 383 ; formation of, in cal- 
careous rocks by solution, 477* ; })reser- 
vatioii of animal remains in, 827 ; con- 
taining PaliBolithic deposits, 1350 ; with 
Neolitliic remains, 1358, 1359 
Cavities, liquid and gas-filled, in crystals, 
142, 410 

Cebochmriis, 1234, 1255 
Celestiiie, 86 
Cellar ia, 1168 
(MUpora, 1246, 1274 
Cellular structure, 133 
Cellulose, 830 
Cdtitcs, 1089 

Cementing materials of sedimentary rocks, 
160, 164, 416 
Cement-stone, 191 

Cement-stone Group (Scotland), 1042 
Cenomanian, 1182, 1189, 1194, 1196, 1200, 
1203, 1206, 1207 
Centroceras, 986 
Centrondla, 986 
Gephalaspis, 942, 1004*, 1005 
CephalUes, 1167 
CeplmlogaU, 1254 
Gephalqgraptns, 968 
Cephalonia, “sea-mills” of, 354 
Cephalopoda, palseontological value of, 837 
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10S8, Ills ; evolution of the, 846 ; 
earliest forms of, 914*, 915 ; contrast 
between Palmozoic and Mesozoic, 1082 ; 
reached their climax in Triassic time, 1088 ; 
began to wane in Jurassic time, 1118 ; 
Cretaceous types of, 1171 
Cephcdotli eca, 1012 
CuTCUtioporclltt^ 989 

Cemtwc.m'U, 922, 940, 941, 958*, 1024 
Cerallte.% 1087* 

Ceratitoids, cliaracteristic of the early 
Mesozoic ages, 10S3 
Cemtofjaulus, 1273 
Cemtops, 1176 
Ceratops Beds, 1244 
CeraUpruge^ 922 

Ceratopyge Limestone, 96S, 969 
CeratoduSj 1005, 1089, 1041 
Ceratosaurus, 1126 
Cerinpora, 1115, 1189 
aerUkiuiii, 1117, 1170, 1225*. 1248, 1263, 
1300 

Cerithium Stage (Vienna l.)asin), 1268 
Oermnya, 1140 

Oerrns, 1268, 1285, 1297, 1355 
Cetacea, fossil, 1261 
Qet losau ms, 1125, 1145 
Cliahasite, 104 
Chnietes, 1021 
Chalcedony, 89, 831 
ahcdicothei'imi, 1249, 1265, 1297 
Chalk, 155*, 179 ; phosphatie, 187, 027 ; 
aVjsorbent power of, 410 ; alteration of, 
into marble, 722 ; com}) 0 .sition ami origin 
of, 1162 

Chalk, divisions of tlie, 1182, 1189 

Clialk Marl, 1182, 1190 

Chalk Rock, 1192 

Chalybeate springs, 471, 47(5 

Chalyhite, 107 

(Jiunna, 1226, 1283 

(Jhd nin ay]K( ris, 1 236 

(JhaiiWT(y>s, 1231 

Ch;unplain })eriod, 1319, 1344 

(Jh (iiiijisostf II /’a.v, 1217 
Chaitf/ariiiera, 1206 

C%rnf, 524, 525, 605, 611, 1185, 1235, 
1247*, 1270 

Chari Cronp (India), 1160 

Channouthiaii Stage, 1151, 1152 

Chitsi/Kps {Pliacops), 967 

Chattahoochee Beds, 1272 

Ohazy Limestone, 978 

(Jkt! Iramn fJius, 1 0 0 5 

ahrlrodKs, 1031*, 1032 

Chnrohpis ( coni fer), 1110, 1140 

Chcirolqns (fish), 1005 

Ch (‘irosavrnis, 1089 

fJJuu'/rafli.pj'iu'm, 1 089 

fjhei.rurus, 922, 940, 941, 985 

Chelleau Series, 1349 

Chdouc, 1147, 1173, 1207, 1237 

Chelonia, appeared in Mesozoic time, 1122 

Ohdi/rlra, 1254 


Chemical analysis of rocks, 116 ; synthesis, 
119 ; action, rise of temperature from, 
400 

Qlieimiitzia, 1103 
Cliemung Group, 997 
Chert, 180, 195, 625, 831, 1015, 1041 
Chesaiieake Beds, 1272 
Chester Group, 1061, 1062 
Chestnut, fossil, 1224, 1294 
Chevrotaiiis, fossil, 1249 
Chiastolite, 103, 428, 779 
Chiastolite-slate or schist, 24S, 779, 780 
Chicago, future submergence of, 387 
Chick weed, fossil, 1276 
Chidra Group (India), 1079 
Chilled edges of intrusive rocks, 728, 732, 
735, 739, 745, 747 
Chvnuura, 1255 
Chiinmroids, fossil, 988, 990 
Chimborazo, 324, 329 

China, geological map of part of, 10; dust- 
drift of, 439 ; loess of, 439 ; pre- Cambrian 
rocks of, 906 ; pre- Paleozoic erosion in, 
90S ; ^ Cambrian, 932 ; Silurian, 979 ; 
Devonian, 996 ; Carboniferous, 1057 
China-clay, 105 
Cktone, 1216, 1245, 1299 
Chipola Beds, 1272 
Chirnx, 1243 
Cliitin, 830 
Chitra, 1297 
Ohlaniys, 1169 

Chlorides, 108 ; in solution in briiie-spriiigs, 
472 

Chlorine, j)rnportion of, in outer part of 
eartii, 83 ; combinations of, 87, 108 ; at 
volcanic vents, 269, 307 ; inllnence oh in 
crystallisation of rocks, 407, 415 
Chlorite, 105, 474 
Chlorite-schi.st, 253 
Chloritic Marl, 1182, 1188, 1190 
Cliloritisation, 791 
Chloritoid, 105 
(JhtHniumms, 940 
Okfiiropotamus, 1234, 1251, 1267 
CJioyrom oru.% 1234 
Choudres (cosmic dust), 584 
ChcradrUc.s 927, 936, 984, 1258 
ChojirPs, 939, 986, 1022, 1066 
Chmcihia, 1066 
(JJum odruphia, 986 
Oh nrisastmu, 1141 
OhortMoceras, 1089 
OhriacKs, 1243 
“Christiania period,” 1319 
Christmas Island (Indian Ocean), 336, 338, • 
341, 622, 626, 791 
Chromite, 97 

Chromium, proportion of, in outer part of 
earth, 83 ; combinations of, 87 
CJirysichthys, 1298 
Chrysodcmlm, 1277, 1280*, 1286* 

Chrysolite, 102 
Chrysotile, 105, 242 
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Chiiaria, 905 

Cidaris, 1087, 1103, 1115^ 1168, 1271 
Ciminite, 228 
Cimo/eMes, 1179 
Ciniol ichthys, 1173 
Cimoliosaurns, 1141, 1175, 1246 
Cimolodon, 1179 
Cimohm.ys, 1179 
Cinder Cone, California, 345 
Cbina/tio)jiiim, 1164''’, 1230, 1247, 1262*, 
1276, 1292 
Cionodon; 1217 
Cipollino, 192, 251 
Cirques or Corries, 1387 
Cisms, 1262 

Citric acid, use of, in rock examination, 117 

Civet, fossil, 1249 

Cladiscites, 1089 

Cladlsms^ 1035 

Cladochoiius, 1021 

Cladocydns, 1173 

Oladixim, 1024, 1025 

Cladiqddebh, 1085, 1112, 1185 

Gladoj}hyllia^ 1154 

Cladtqiora., 937 

CladuselacJie, 988 

Cladyodon^ 1089 

Cliimodon, 1243 

Claiborne Beds, 1242 

Clansavrus, 1177 

Clarias^ 1298 

Clastic structure, 135, 150, 154, 155* 

Clastic Eocks, characters of, 113 
Clathrodictyon, 984 
QlathropterlH^ 1085, 1133 
Clausilia, 1238, 1293, 1352 
Clav(dUhes, 1225* 

Clay, 98 ; search for fossils in, 853 
Clay-ironstone, 107, 187, 195, 647, 1016 
Clay-rocks, 167, 169, 247 
Clay-slate, 170, 247, 425; ^‘needles” of, 
171, 773, 792 ; metals found in, 809 
Cleavage, Cleaved structure, 134, 170, 417*, 
418*, 420*; in large masses of rock, 684; 
relation of, to foliation, 686 
Oleidoydiorus^ 948* 

Cldthrolepis, 1109 
Cleodoni, 1271 
Olepsydroyjs, 1069 
Qlidadcs, 1215 
Clilf-debris, 160, 164 
Cliviacavimina^ 1020 
Clmacof/raptus^ 938, 946, 947 
Climate, affected by the amount of carbon 
dioxide in the air, 36 ; influence of sea on, 
565 ; indicated by fossils, 834, 853, 943, 
944, 1019, 1129, 1222, 1276; distribution 
of, in Jurassic time, 1129 ; in Tertiary 
time, 1222, 1232, 1271 ; gradual refri- 
geration of, in late Tertiary time, 1276, 
1278, 1288, 1293, 1301, 1325 
Clivuitms^ 1007 
Clinkstone, 226 
Cliuochlore, 105 


Clinochlore-schist, 253 
Clinometer, 668* 

Clinton Group, 977 
Qlionites, 1107 
Qlisiophylluvi, 1021 
Clitambonites^ 932, 940 
Qlonocrinus^ 944 
Qlonograqitus, 932, 946, 949 
Clouds, formation of, 447 
Clupea^ 1207 

Clupeidre, earlv forms of, 1173, 1207 
Clyde Beds, 1330 
ClydonaiUilus^ 1088 
Clypeaiitei\ 1245, 1267 
G/yjxus, 1115 

Ciymenolds and Glymenia, 986 
Glymenonauti I us, 1088 
Coal, characters of, 182 ; varieties of, 183* ; 
analyses of, 184 ; effects of destructive 
distillation of, 318 ; not materially affected 
by being depressed 8000 or 10,000 feet, 
399 ; formation of, from vegetable matter, 
427 ; number of cubic feet to a ton of, in 
air and in sea-water, 568 ; channels of 
contemporaneous origin in, 639 ; usually 
associated with fireclay or shale, 650* ; 
persistence of seams of, 651 ; joints in, 660 ; 
made columnar by contact metanic>r])liism, 
769*, 770; mode of occurrence of, 1016; 
origin of, 1017, 1018, 1026 
Coal-dust, effect of pressure on, 417 
Coal-measures, 1047 et sep 
Coal-swamps, palaeontology of the, 1025 
Coast-lines, 54 
Coblenzien, 992 
Gohus, 1297 
Coccolite, 102 
CocxosiCKs, 987, 988, 1004* 

CochliodAis, 1024 
GocJdoceras, 1089 
Cockroaclies, fossil, 1032, 1033 
Cod, fossil, 1258, 1285 
Codastcr, 984, 1022 
Ccelacantlms, 1025 

Coelenterata, relative palteontological value 
of, 832 

Ccdoceras, 1139 
Gcelodus, 1192 
Ccdonani Uns, 1023 
Ccelopt ychiurn, 1167 
Gailosmilia, 1193 
Ccuhirus, 1210 
Ccenites, 957 
Cicnoymptus, 938 
C(B)iothyris, 1096 

Coking of carbonaceous substances in contact 
metamorph ism ,770 
Qoleoloides, 915 
Coleolus, 915 
Colloid, 89 

Collyrites, 1115, 1168 
Colodon, 1249 

Colonies, Barrande’s doctrine of, 975 
Colorado Formation, 1214 
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Colorado River, slope of, 486 ; gorges of, 
502*, 1385 ; sections of carioii of, 1382*; 
view of canon of, Frontispiece* 

Coloration in contact-inetaniorpliisni, 768 
Colossochelys, 1297 
Columba, 1254 
Col'iu/i.beiUi^ 1284 

Columnar structure, 136, 212, 306, 663, 745, 
751, 758*, 760 
Column op ora, 937 
Comanche series, 1212 
Coaihophylluui, 984 
Compact texture, 128, 130, 135 
Composition as a basis for the classification 
of igneous rocks, 199 

Compression, effects of, on rocks, 415, 429, 
681, 685 
Gompseui'f/,s\ 1214 
GompsognathuH, 1125 
Comstock Lode, 811 
Cuuacodon, 1243 
Conchicolites, 939 
Co/ichotlus, 1011 
Conclioidal fracture, 13S 
Concretions and concretionary structure, 91, 
135, 206, 585, 646 
Condrusien, 991 

Cone-in -cone structure, 421, 648 
Conemaiigh Series, 1061 
Cones de dejection, 505* 

Cones, volcanic, 263, 264, 265*, 266*, 290*, 
297*, 320*, 322, 327*, 330*, 331*, 333, 
340*, 342*, 345 ; denudation of, 322, 
332, 333, 334, 339 ; growth of sub- 
oceanic, 341 
Conforniability, 820* 

Con fasadniKt, 1154 
Conuerla, 1263, 1285*, 1293, 1294 
Congeria Stage, 1293, 1294 
Conglomerate, 113, 135, 163 ; associated 
with sandstone rather than sliale, 650 ; 
local nature of, 651* ; volcanic, 173, 276 ; 
scdiistose, 250 ; deformation of pebbles of, 
419 ; pre-Gauibriaii, 899, 900 
Coiigloineratic structure, 135 
Coniacieii, 1196, 1201 

Conifers, fossil, 1002, 1029, 1066, 1085, 
1086*, 1113, 1165, 1223, 1247* 
aouhpUris, 1112, 1140 ^ 

Con iosa - 1 1 ri (..% 1175 
Coniston Grits and Flags, 964 

Limestone, 947, 949, 950 

Oonites, 1198 

Cnnocardiim, 978, 990, 1021*, 1022 

Oim ocepha I 927 

Cun odi/pen,% 1168 

Cunocaryphe, 912*, 914, 941 

Gonodonts, 913, 942 

Cinwrhis, 1233 

CoiKtrycUn, 1243 

Consolidation, crystals of first and second, 
153, 196 ; of rocks, 416, 417, 617, 624 
Condellaria, 939 
Contact-minerals, 773 


j Continents, disposition of, 47 ; antiquity of, 
47, 397, 586, 829, 1365 ; mean height of, 
48 ; origin of, due to coiitiiiiied ujdifts 
along lines of weakness in earth’s crust, 
1366 ; geological evolution of, 1374 
Contraetiou of rocks in passing from glass to 
stone, 408 

CUiularia, 914*, 940, 1023*, 1117 
ao7ivs, 1170, 1225*, 1263, 1290 
Convection-currents of water influence tem- 
perature of earth’s crust, 64 
Coonihe-rock, 1329 
Coou Butte, 325 

Copper-oxide at volcanic vents, 269 
Copper-ciiloride at volcanic veuts, 307 
Coprolites, 181, 187, 825 
Cocpuna, 614 

Corals with calcite or aragonite vskeletons, 
613 ; earliest known forms of, 912, 937 ; 
as indicating former conditions of climate, 
943 ; Silurian, 948, 957 ; Devonian, 984, 
997 ; Carboniferous, 1017*, 1021 ; Triassic, 
1086 ; extinction of rugose, 1086 ; develop- 
ment of perforate, 1086 ; Jurassic, 1114*, 
1133, 1144, 1149, 1151, 1156 ; Cretaceous, 
1167 ; Oligoceiie, 1247 
Coral Rag, 1142, 1144 
Coral-reefs, as evi<lence of upheaval, 382, 621 ; 
as evidence of subsidence, 390, 619 ; most 
! vigorous where marine currents are most 
1 marked, 577 ; literature of, 014 ; condi- 
! tions for growth of, 615, 619 ; composi- 
I tion of the limestone rock formed by, 616, 

I 623 ; oolitic limestone formed on, 617 ; 
Darwin’s theory of, 618 ; Atoll, 616*, 
f51S*, 619 ; Fringing, 618* ; Barrier, 618*, 
619* ; newer views regarding tlie theory 
of, 619 ; do not necessarily prove sub- 
sidence, 622 ; fossil, are comparatively 
thin, 623 ; ascertained thickness of recent 
and fossil, 623 ; earliest known, 938 
Coral -rock, 178 

Coralliaii Formation, 1114,1131, 1142, 1144, 
1153, 1155, 1156 
OoraUutphatja, 1*283 
Cdrallium^ 1208 
Oorax\ 1192 

I Corblcula, 1161, 1209, 1225*, 1248, 1268, 
i 1284, 1331 

Corhula, 1103, 1187, 1225*, 1250, 1269 
Corhidoimja, 1256 

Cordaitaceui (Cordaitales), an early generalised 
' or synthetic type, 846, 1002, 1028 
aorduiles, 1002, 1019, 1028, 1065 
Cordierite, 103 ; in contact-metainoiqdiisin, 
773, 779 

Cordevolian Group, 1106 
Corinorants, fossil, 1254, 1287 
Coriibrash, 1131, 1137, 1138, 1141, 1142, 
1158 

Cornel, fossil, 1287 
ConiiferoiiH Limestone, 987, 997 
Cornstone, 191 
Cornubianite, 778 
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Cor/udites, 939 

Corn us, 1243 

Corunicercts, 1152 

Corries or Cirques, 13S7 

Corrosiou-zoiie of crystals in a niagnia, 141 

Corsite, 133*, 224 

Cortlaiidtite, 241 

Corundimi, 84, 95, 97 ; artificial production 
of, 406, 409, 413, 415 
Corylus, 1217, 1252 
Corym hocr inns, 944 
Corynella, 1086, 1114, 1166 
Cory no ides, 950 
Coryphudon, 1227, 1234, 1243 
Coryphodoii Beds, 1243 
Coscinopora, 1167 
Coseguina, eruptions of, 293, 295 
Coseisiiiic lines, 365 
CosniamnUms, 1005, 1011 
Cosmic dust, 93 ; exceedingly slow accumula- 
tion of, in ocean abysses, 584* 

Qosniocmis, 1119, 1142 

Cosnioceras oriiatum. Zone of, 1142 

Cosmogony and Geology, 13 

Cosmoseris, 1114 

Cosortc, 1273 

Coticule, 172 

Cotonmstar, 1223 

Cotopaxi, volcanic phenomena of, 264, 268, 
270, 277, 284, 285, 292, 293, 310, 312, 322 
Cotton-grass, fossil, 1276 
“ Country,'’ “ country -rock,” as mining terms, 
812 

Couseranite, 104 
Coiitcliichiiig Series, 904 
Crag, Bridlington, 1329 

Chillesford, 1280, 1281, 1286 

Coralline (Bryozoan, White, Suffolk), 

1280, 1281, 1283 

Fluvio-marine (Norwich, Mammalifer- 

ous), 1280, 1281, 1284 
Red (Butley, Newhourn, Oakley, Wal- 
ton), 1280, 1281, 1283 

Scrobicularia, 1286 

Weybourn, 1280, 1281, 1286 

Cranes, fossil, 1254 
Crangopsis, 1024 

Crania, 939, 948*, 985, 1022, 1136 
Crannoges or lake dwellings, 1360 
Crassatella, 1211, 1232, 1261, 1272, 1298 
Orassatcllma, 1215 
Crassither hmi, 1255 
Crater lakes, 324 

Craters, lunar, 32 ; of volcanoes, 264, 297*, 
321*, 322, 323*, 324, 327*, 329*, 330*, 
331*, 336*, 337*, 338*, 340*, 342*, 343 
Cray-ffsh, geological action of, 601 
Credneria, 1164 
Creeks, 55 
Crematop}teris, 1085 
Crenic acid, 598 

Creodonts, or primitive carnivores, 1227, 
1229, 1237, 1243, 1249, 1265, 1274 
Creosaurus, 1159 


Crepiidula, 1298 

Cretaceous system, metaniorphism of parts 
of, 804, 1215; account oi; 1161 ; flora of, 
1163 ; fauna of, 1166 ; in Europe, 1180- 
1208 ; in Britain, 1180-1194 ; in France 
and Belgium, 1195 ; in Germany, 1202 ; in 
Switzerland and the Alps, 1204 ; in the 
basin of the Mediterranean, 1206 ; in 
Russia, 1207 ; in Denmark, 1208 ; in 
Scandinavia, 1208 ; in the Arctic regions, 
1208 ; in India, 1209 ; in Japan, 1209 ; 
in North America, 1180, 1210-1217; in 
South America, 1217 ; in Australasia, 
1218; volcanic rocks in, 1214, 1217 
Cricet'us, 1 352 
Cricodus, 987 

Crinoids, earliest known, 912, 938 ; cul- 
minated in Palaeozoic time, 912 ; char- 
acters of Palaeozoic, 913, 938, 984 ; Meso- 
zoic diminution of, 1082, 1114 
Crinoidal limestone, 179 
Crioreras, 1170*, 1172 
Or is in a, 1168 

Cristdlaria, 1133, 1166*, 1242 
Critical point in temperature, 72 ; water 
vapour in lava al)Ovt*, 267, 294 
Croatan’ Group, 1298 

Crocodiles, fossil, 1089, 1122, 1127, 1137, 
1175, 1231 
Crocodilus, 1297 
Cromer Forest-bed Group, 1286 
Cronstedtite, 105 
Crossoptodia, 939 
Oruialocrinus, 944, 957 
Crumpling of rocks, 679* 

Crush-conglomerate or breccia, 164, 250, 683 
Crusbing, effects of, on terrestrial crust, 1 35, 
164, 249, 250, 352 ; roetamorpliism due 
to, 251, 252, 681, 788 ; ex2)eriments on 
heat develoj)ed by, 352, 400 ; e fleets of, on 
rocks, 429, 681 

Crust of the earth, no trace of earliest, 14, 
21 ; use of term, 57 ; isogeotherins in, 
61, 62, 393, 395, 396, 399 ; tem])erature- 
^adients in, 62, 412, 1366 ; arguments 
for thinness of, 65, 67, 352 ; estimated at 
1 per cent of the earth’s semi-diameter, 
73 ; composition of, 81 ; predominant 
minerals of, 109 ; effects of crushing on, 
352 ; earthquake origins in, 370 ; 
suiq:)ose(l downward or doulde bulging of, 
in contraction, 1366, 1371 ; terrestrial 
features due to disturbances of, 1367 
Crustacea, early forms of, 912*, 913 ; con- 
trast between Pala-ozoic and Mesozoic, 
1119 

Cruziana, 913, 973 

Cryolite, 87, 107, 190 

Cryphtmis, 984 ' 

Cryptfunia, 1136 

Cryptoclastic texture, 135 

Oryptomnia, 1141 

Cryptocrinus, 938 

Cryptocrystalline, 128 
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CrijjJtodon^ 1299 
Cryjpto draco, 1144 
Crypto(jra:pUis, 947 
Cryptom.erites, 1140 
Cryptonella, 986 
Cryptoperthite, 221 

Crystals of rock constituents, 141 ; secondary 
enlargement of, 142, 162, 166 ; negative, 
142, 189, 211 ; of more than one con- 
solidation, 153 

Crystalline, defined, 89, 127 ; structure, 
superinduced hy infiltration of calcium 
carbonate, 156, 176, 178, 188, 444, 474, 
475 ; by pressure, 416 

Rocks of aqueous origin, 188 

Schists, 244, 785, 863; problem of 

origin and age of, 864 ; obscurity of 
the tectonic structure of, 866 ; no law of 
mineral sequence yet established in, 866 ; 
dilficulty in forming nomenclature for, 
867 ; proposal of the term pre-Cambrian 
as a general designation for, 868 ; lowest 
gneisses and schists of, 869 ; no true 
bedding in, 866, 869 ; regarded as parts 
of the original crust of the earth, 864, 
870 ; regarded as the deposits of a 
primeval ocean, 864, 871 ; considered as 
essentially erup)tive and intrusive rocks, 
865, 872 ; no stratigraphical se([uence 
recognisalde among, 875 ; possibly some- 
times connected with volcanic action, 875 
Crystalline-granular, 128 
Crystallites, 69, 142,148, 149*, 152, 196; 
artificial formation of, 404, 414 ; produced 
in contact- rnetamorphism, 770, 772 
Crystallisation of eruptive rocks, 715 
CtenacantJnis, 987, 1025, 1031 
(Jteuacodon^ 1159 
Ctenis, 1112 
Otenocems, 940 
Cten.ocnnu>% 992 
Qtenodonta, 914*, 940 
Ctmodus, 1024, 1025, 1031, 1073 
Qtamphyllmn, 1086 
Cteawptydims, 1024, 1031 
Cimopyge, 923 

Cuba, upraised coral reefs of, 382 
Ciicrdhua, 985*, 986, 1189, 1230, 1274 
G-mullella, 958 

Culm, 1020, 1034, 1036, 1039, 1051, 1054, 
1065 

Olivia^ 1251 

Cnnninfjhamites, 1165 

CiqKCtda, 1231 

Cupressiivltes, 1 223 

fjivpressinoxylon, 1252, 1256 

Cupressocrimis, 984 

C'l ipressus^ 1257 

Oupidaria, 1282 

Curculionltes, 1141 

Current-bedding, 636 

Currents, oceanic, 446, 515, 558, 565, 577] 

Ciirtonotus, 986 

Curvature of rocks, 672 


Cuspidaria, 1209 
Custard-apples, fossil, 1251 
“Cutters ” or Dip-joints, 660 
Cyatlicispis, 942, 959 
Oyatheites, 1055 
Cyathina, 1257 

Cyathocrinus, 948, 957, 9S9, 991, 1020* 
Oyathophora, 1141 

QyatKophyllmn, 937, 948, 984, 1017*, 1021 

Gyhdc, 949 

Cybium, 1255 

Cycadella, 1113 

Cycadeoidea, 1133, 1185 

Cycadeofip&rm;wm, 1086 

Cycadites, 1086, 1133 

Cycads, Mesozoic profusion of, 1086, 1112, 
1113* 

(Jyais, 1165 

Cydas, 1287 

Cy docents, 940 

Qydognathus, 922 

Qydoiites, 1167 

Qydolalms, 1058 

Qydunenia, 940, 947 

Cyclones, geological effects of, 437, 562 

Qydophovu.s, 1202 

C If clop idius, 1273 

(iydopteris, 1010, 1026, 1077, 1085 

Cydostiyma, 937, 991, 1002, 1036 

(JydoHtoma, 1238, 1253, 1268 

Oylichna, 1261 

(JylicoCTlnus, 984 

Cyviatockitoa, 1066 

(Jynarctus, 1273 

Gynoceph alus, 1297 

(Jynodir.tis, 1255 

Ctpiodou, 1227, 1234 

Oynodmeo^ 1090 

(Jynosmhus, 1089 

(JyiduispiH, 958*, 9S5 

0 ijphoci'i iius, 936 

Oi/phosoma, 1168 

dyimmi, 1226, 1263, 1282 

Cypress-swamps, 1018 

Gypriairdella, 986 

CJypricardia, 1136 

(Jypriavrd inia, 990 

Gypriddlinii, 1023 

Cyprideii-Bchiefer, 989, 991 

(JffpriditM, 941, 985 

(Ji/prina, 1116, 1187, 1230, 1277, 1331 

CJypri% 1148 

(Jyreua, 1147, 1185, 1225*, 1248, 1292 
Cyrtendoceras, 940 
Cyrtia, 940, 986 
(J If Hina, 990 

CyHocerm, 915, 947, 974, 986, 1023, 1066 

Oyrtodymenia, 994 

Gyrtodonta, 940 

Gyrtotjraptvs, 938 

Gyrtolites, 940 

Gyrtoph'vritcs, 1104 

Gyrtoihem, 921 

Cystideans, as characteristic fossils, 837, 
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913 ; earliest known, 912, 913* ; inaxinnim 
development of, 938 ; diminution of, 984 ; 
extinction of, 1066, 1082 
Ci/stiphyllnm, 937, 984, 990 
di/tkere, 949, 1023, 1135 
Oi/tkerea, 1226, 1247* 

Ci/therella, 941, 1031, 1135 
Cj/theridea, 1087, 1141 

Dacite, 228, 231 
JJctcosaurns, 1144 
JDctcrjjdinm.^ 1245 
JJacrj/t/icriurii.^ 1249 
T(uiijU.ocemH^ 1133, 1136* 

Dactylioceras aiiiuilatum, Zone of, 1133 

coiiinimie, Zone of, 1133 

Iki ctylo idites, 912 
Ikuhxj/lon, 1002, 1028, 1071 
Dagsliai Group, 1241 
Dakota Formation, 1215 
Dalarniaii Series of Scandinavia, 899 
DiUvuiudla, 978 . 

DcUiiianites, 975, 985 
Daliiiaiinus, 1102 

Dalradian Series (Scotland), 893; oolitic 
limestones in, 192; foliated serpentine of, 
242 ; metamorpliisin of, 796 
Dcmumcm, 1108, 1165, 1246 
Dcmoula, 1297 
Daniourite, 100, 254 
Daniuda Group (India), 1058, 1079 
Da7mites, 1165 
Dmimtpds^ 1085 
Daniaii, 1193, 1196, 1201, 1208 
Danube, River, 485, 494, 495, 517 
Dcomhiies, 1089 
IktoiielUt, 1088 
JJapedius, 1089, 1122, 1137 
JJaphmius, 1249 
Daphne, 1262 
D(ip)hno(jene, 1257 
Darael'Ues, 1076 
Darialuula, 1087 
Dastniiis, 1226 
Dasyceps, 1071 
Dasynrus, 1300 
Davidict, 922 
Daiosonia, 1068 

Day, former shorter length, of the, 22, 30 
JJayia^ 960 

Dead Sea, 49, 529, 530 
Decapod Crustacea, earliest forms of, 1087, 
1119 

Deccan Traps, 346, 1209 
Declmiellci^ 984 
Decomposition of rocks, 156 
Deep River Reds, 1273 
Deep-sea deposits, 583, 623, 62’4 ; unlike 
the geological formations in tiie terrestrial 
crust, 586 

Deer, ancestral forms of, 1227 ; fossil, 1270, 
1273, 1278 

Deforniatiou of land by earthquakes, 374 ; 
by secular warping, 380, 381, 386, 387 ; 


of rocks by pressure, 418 ; in plication of 
strata, 676, 681, 682* ; in metamorphism 
of rocks, 788 ; of dykes by thrusts, 886* 
Teinoceras, 1229, 1243 
Deinocerata, 1229 
J)eutodon, 1217 

Deinosaiirs, 1069, 1089, 1107, 1123*, 1124 ; 

extinction of, 1173, 1222 
Deist er Sandstone, 1203 
hejivnircu 1170 
Delessite, 105, 474 
Belyadop&is, 1206 
Lelphiniis, 1285 

Deltas, in lakes, 509* ; in the sea, 514* ; 
preservation of plant and animal remains 
ill, 826 

Leltatheriim, 1243 
Ddtoccras, 940 
Ddtocyatlms, 1245 
Dt'Mh'erpidon, 1033, 1068 
Dendrites or Dendritic markings, 97, 135, 
648* 

Dmdrocvbms, 912, 938 
De-ndrod.us, 987 
Dendrograptus, 946 
Dc'iuli'ojmpa, 1033 

Denmark, geological map of, 9 ; Cretaceous 
series of, 1208 ; glacial pbenomeiia of 
1332, 1335 ; shell- mouiuls of, 1360 
Dentalina, 1133 

Dmialiim, 940, 1097, 1136, 1187, 1256, 
1269, 1291 

Denudation, examples of results of, 308, 
313, 322, 332, 333, 334, 339, 340, 345, 
346, 705, 1379 ; causes depression of 
isogeotherms, 396 ; alleged to lead to 
ujmise of crust, 396 ; subterial, considered 
as the general lowering of surface of the 
laud, 586; regarded as the unequal lower- 
ing of laud, 591 ; comparative rate of 
marine, 593 ; final result of marine, 594 ; 
proofs of jjre-Camhrian, 876 ; has been 
mainly instrumental in producing the 
detailed contours of the laud, 1364 ; 
intluence of, in changing the forms of 
volcanic masses, 1376 ; terrestrial features 
due to, 1376 ; fiiiidainental law of, 1377 ; 
conditions required in, 1377 ; inllnence of 
angle of slope on, 1377 ; XJermanence of 
drainage-lines in, 1378; influence of geo- 
logical structure in, 1378 
Denver Group, 1244 

Deoxidation by rain, 451 ; by percolating 
water, 469, 473 ; by organic acids, 598 
Deposition of sediment, causes rise of isogeo- 
thernis, 393, 396, 399 ; supposed to lea<l 
to subsidence, 396 ; the foundation of new 
land, 596 ; considered with reference to 
stratigraphical breaks, 857 ; familiar 
asi)ect of pre-Camhrian, 876 
Depression. Sm Subsidence 
Derbyia, 1059 
Derucems, 1133, 1135* 

Deroceras arraatum, Zone of, 1133 
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.Desert-polish or varnish, 436 
Deserts, sand-dunes of, 441, 443 
Desvioeeras, 1187 
Desmosite, 248, 783 
De Soto Group, 1298 

Detrital rocks, heavy minerals in, 90, 163, 
179, 792, S91, 1284 ; microscopic 

characters of, 150, 154, 155* 

Deutzia, 1257 
Devillien,” 927 

Devitrification, 132, 148, 149, 150, 152, 154, 
211, 214, 216, 303, 309, 403, 407 
Devonian system, account of, 980 ; rocks of, 
982 ; organic remains of, 984 ; volcanic 
phenomena of, 982, 988, 990, 993, 995, 
999 ; in Britain, 98S ; in Continental 
Europe, 991-996 ; in Asia, 996 ; in North 
America, 997 ; in Australasia, 999 
Dew, geological action of, 450 
Diabase, 233, 239 ; artificially formed, 405 ; 
alteration of, l)y eontact with coal, 775 ; 
contact-nietaniorpliism ])y, 783 
Diabase-schist, 251, 252 
Diaclases, 658 
}> im 1 dot in (tih ns, 108 9 
Diallage, 102 
Diallage-olivine-roek, 240 
Diallage-rock, 232 

Diamond, in meteorites, 17 ; origin of, in 
rocks, 91 ; artificial formation of, 92, 414 ; 
found in itacoluinite, 249 
I)kisto2Joru, 1115, 1141 

I) iastoporiiia, 939 
Diastrome, 634 

Diastrophism, or defonnation of earth’s crust, 
392 

Diatoni-eartli, 179 
Diatom-ooze, 179, 609 
Diatoms, fossil, 1231 

J) (f)do(loii , 1299 
JHcdlofjraptits, 938, 947 
Dlneras, 1149 
./Jloerat/iet'lHin , 1265, 1273 
JJirJiabinic, 1227, 1234 
Diohocrl'iius, 1022 

Dichodon, 1227, 1251 
938, 946 
Dichroisni, 126 
Dicliroite, 103 
JJlcL'so/iuc, 1161 
Jjlclonins, 1176 
Jjhui'f 10(1(171, 1249 

Dicotyledons, fossil, 1164*, 1206, 1211, 
12i7, 1223, 1247, 1262*, 1263*, 1276, 
1277*, 1304*, 1315 

935*, 938, 947 

J) tcroce ros, 1263 
Dictyodori, 1255 
JJlctyograptus, 911, 938, 946 
Dictyoncnia, 911, 938 
JJictyo'nextm, 1032 
J)i(:iyophyllnm,, 1098, 1112 
JJictyopteris, 1034 
JJictyo'pijge, 1089 

VOL. II 


h idyothyvis, 1150 
D id yoxyio n, 1036 

Dicyiiodoiit reptiles, 1069, 1078, 1080, 
1089, 1090, 1107 
D idd phops^ 1179 
IHddphys, 1231, 1249 
DidyttiUcs, 1089 

JJi((:yiru)(jm2)tus, 932, 935*, 938, 945 
JHdmtna, 986, 1021*, 1022, 1071 
Diestian gi*oiip, 1267, 1282, 1289 
Diflerentiation iii eruptive rocks, 707, 710; 

separation of ores hy, SOS 
Dikdocephalino., 912*, 922 
Jylkd oecphii I us, 912* 

Diluvial series of deposits, 1300 
Dim eroci'iu -its, 938 
“ Dimetiaii, ” 896 
J> i m.oryjhoce ms, 1052 
JlmarphodoiL, 1 123 
J)Lnioipho{iraptus, 964 
J limy a, 1088 

Dinaiitiaii (Carboniferous), 1051 
Dinarian Series, 11U6 
JHnui'des, 1089 
Dingle Beds, 1012 
Dingo, fossil, 1300 
Dinidhys, 988, 1005 
Dinldis, 1249, 1273 
J)inobolits, 939 

Dinoi'iils, recent extinction of, 1362 
Dinoikcnnin, 1263, 1265*, 1278, 1291, 
1295, 1297 
J) ivn.it (7 s, 1107 
IHomiUes, 1110, 1112 

Diopside, 102 ; artificial ])ro(liiction of, 
412 

Diorite, family of, 223, 225 ; weathering of, 
455 ; contact-mctaniorphisin l>y, 783 
Diorite-porphyry, 224, 225 
Dioritc-schist, 252 
Didsjyyros, 1231 
Dip-faults, 695 
Dip-joints, 660 
J) iph'mij nioceras, 940 
Dijjhya Limestone (Jurassic), 1156 
Dijfiiyoides Beds, 1156 
I>ipl(i('((nthiis, 1005 
[)ij7l((ajdon, 1243 
Diplacodon Beds, 1243 
JMytloatdns, 1126 
J Hyykmonus, 1249 
JHydtn'.ytiodoii^ 1159, 1233 
Dipknlus, 1014, 1025 
I )ipIo(j7'((.j)tus, 935*, 93S, 947 
Dipltmysi.us, 1173 
Biplopora, 1102 
Tliploptcms, 1005 
Diplfypus, 1227, 1234 
J Hphjswnrus, 1127 
Jj ipl ospond ylns, 1068 
J iqilothcca, 932 

Dipnoi, fossil, 987, 1004*, 1005, 1025 
Dip of strata, 667 ; influence of attenuation 
of strata on, 653 ; qua-qua-versal, 669, 

3 A 
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671*, 675 ; deceptive appearance of, 669 ; 
relation of, to curvature, 673 
Uipriodon, 1179 
Diprotodoih 1299, 1300, 1362 
DijQteronotiLS, 1093 
Liptcms, 987, 998, 1004^’, 1005 
Dipyre, 103 
Dipyre-slate, 248 

“Dirt-beds” (Jurassic), 833, 1144 
Disaggregation as an effect of contact-meta- 
morpliism, 768 

Discvna, 913*, 947, 948*, 989, 1022, 1136, 
1183 

Discinocaris, 941 
Discimlepis, 915 
Discinoj)sis, 915 
Discites, 1023* 

DiscoceraSy 940 
Discohelix, 1136 
Discoidm^ 1168 
JJiscorbina, 1166 
Dissams, 1243 
Distliene, 103 
Dithyrocaris, 1024, 1031 
Ditroite, 221, 223 
iJitrupa, 1134, 1236 
Dittmarites, 1107 
'ivesian substage, 1150 
Dock, fossil, 1276 
Docodon, 1159 

Dog, fossil, 1249 ; domesticated in Neolitluc 
time, 1356 

Dogger (Lower Oolites), 1131, 1132, 1140, 
1154 

Dogwood, fossil, 1165 

Dolerite, 231, 232, 233, 239 ; artificially 
formed, 405 ; weatliering of, 456* ; altera- 
tion of, into liornblende-scliist, 794 
Dolgelly Slates, 921 
I)olichoj)LtJuxu.s, 1278, 1291 
Jjolicho 2 )teni.% 942 
iJolichoscamis, 1173 
Doliciwscma, 1068 
Doliiias, 477 
Dolium, 1260 

Dolomite, 107, 193 (origin of), 426, 530, 
1015 ; decomposition of, 452 ; weatliering 
of, 456 ; deposits of, 1064, 1072, 1096, 
1103, 1153 

Dolomitic Conglomerate, 645*, 652*, 1093 
Dolomitisation, 177, 193, 426, 530, 791, 
1041 

Dome volcanoes, 324 
Domite, 226, 761 
Do7'catheriu7n, 1272, 1297 
Dordoniaii, 1202 
Dormouse, fossil, 1234, 1254 
Dorocidaris, 1208 
Dorycordaites, 1051 
Do7'yc7'L7ms, 984 
Doi'ygnathus^ 1124 
Dosiiiia, 1272, 1277 
Dosinio^sis^ 1242 
Douarnenez, Phyllades de, 927 


JjimviUcurras, 1172 

Doiivilleiceras mainmillatiini, Zone of, 1182, 

1167 . . 

Dowiiton Castle Sandstone (Dowiitoiiian), 
953, 961 

Drainage, effects of artificial, C31 ; per- 
manciice of lines of, 1378 
IhxissenEia, 1250, 1268, 1292 
Dmuotheriinn., 1249, 1295 
Drepanasjds, 9S7 
Dirpanelltu 1006 
Drepiui ephiH'Hs, 1192 

Dirptiiiodon, 1249 
Driftwood, in Arctic seas, 581 
1091 

Jjromia., 1208 
Jjromnr ill's, 1300 
“ Druid Stones,” 453, 464, 1233 
Drums, or drumlins, of boulder-clay, 1310. 
1331, 13-13 

Drusy cavities, 90, 134, 141, 204, Si I 
Dryandrif, 1232, 1247, 1262 
Drifd ndrinifFs., 1247, 1257 
Dry as, 1315 
Drijidr.sti's, 1159, 1179 
Drifojiliifl/iun, 1 1 65 
Dryiynt/axas, 1264, 1265*, 1293 
Ducks, fossil, 1254, 1287 
Ditmortirrla, 1136 
Dunes, 440 
Dunite, 240, 213, 253 
Dunlins, fossil, 1254 
l^urness Limestones, 883 
Diirnteii, lignites of, 1338, 1339 
Dust in air, source and functions of, 37., 
434; cosmic, 93; volcanic, 273, 2S6, 292 ; 
removal of, by wind, 435, 437 ; erosion 
by, 436 ; growth of, 438 
Dnst-sliowers, 41 4 

Dwyka Conglomerate, 1037, 1059, 1079 
Dyas, 1063, 1072 
Dyke-rocks of Hosenbuscli, 197 
Dykes, 2S7*, 298, 346, 738, 742*'; of 
samistone, 665*, 666*, 759* ; .Htrn(!turc 
of, 745*; glassy selvages of, 74 5, 746; 
multiple and compound, 746* ; inlersecl- 
iiig, 747* ; effects of, on contignons rocks. 
747 ; deformation of, ))y thrusts, 888* 
Dynamo metamorpbism, 765 

Eagles, fossil, 1254 
Eagle-stoiies, 187, 648 

Earth, earli(*st crust of, 14 ; rehitions of, in 
solar system, 14; form and size of, I ‘9 ; 
rotation of, 22 ; revolution and f>rbit of, 
23 ; distance of, from siin, 23 ; stahilily 
of axis of, 24 ; changes of centre ofgravit.y 
of, 28 ; diminishing elliiAicity of figure 
of, 30 ; envelopes of, 34 ; litbosplierc of, 
47 ; density of, 56 ; the present c*nist of, 
57 ; interior or nucleus of, 57 ; internal 
heat of, 60 ; prohaljle condition of interior 
of, 65; arguments for internal liquidity 
of, 65 ; arguments for mternal solidity of. 
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67 ; arguments for gaseous condition of I 
nucleus, 71, 371; age of, 74; physical 
arguments for age of (1) internal heat, 79, 
81; (2) tidal retardation, 79, 81 ; (3) 
origin and age of sun’s heat, 80, 81 ; com- 
position of crust of, 82 ; effects of con- 
traction of, 351, 370 ; constant superficial 
movement in, 358 ; influence of rotation 
and the moon’s attraction on configura- 
tion of surface of, 393 ; effects of secular 
contraction of, 394 ; effects of eccentricity 
of orbit of, 1326 

Earth-movements of infinitesimal amount, 
359 ; causes of, 360 
Earth -pillars, eroded by rain, 463* 
Earthquakes, 358 ; literature of, 358 ; of 
British Isles, 359 ; of Germany, 359 ; of 
Austria, 359 ; of Italy, 359 ; of Spain and 
Portugal, 359 ; of Scandinavia, 360 ; of 
United States, 360 ; of Japan, 360 ; 
definition of term, 360 ; nature of the 
motion of the gi'ound in, 360 ; waves 
transmitted l)y, 361 ; range of movement 
in, 361 ; velocity of, 361, 376 ; perhaps 
propagated through the globe, 363 ; 
duration of, 363 ; frequency of, 363 ; 
periodicity of, 363 ; connection of, with 
the seasons, 364 ; modified by geological 
structure, 364 ; extent of country affected 
by, 366 ; depth of source of, 366 ; seat of 
origin of, 367 ; distribution of, 368 ; 
causes of, 369, 416, 479 ; effects of, on 
surface of land, 371 ; effects of, on 
terrestrial waters, 374 ; effects of, on 
animals, 375, 828 ; memoriahs of geologi- 
cally ancient, 375 ; effects of on the sea, 
375 ; permanent changes of level caused 
by, 376 ; possible records of, in sandstone 
dykes, 665 

Earth-worms, transport of soil by, 460, 
600 

Earthy Waters, 472 
Ecdoiiia^ 969, 986 
Eburiiean epoch, 1349 
Ecca Shales, 1057 
Eccentricity of earth’s orlnt, 23 
Eccliptic, obliquity of, 24 
Eixuliomjjhalus, 947 
Echinahr iss us, 1115, 1168 
Erhinocaris, 1006 
EcMnoconus, 1167* 

Ech in ocorys, 1 1 6 7 * 

Echmocyamus, 1168, 1278 
ErJUnocyphus, 1168 
Ech Inocystis, 939 

Echinoderniata, relative paheontological value 
of, 832 ; evolution of, 846 ; contrast of 
Paheozoic and Mesozoic, 1083, 1114; 
fossil, 912, 913*, 938, 948, 984, 1020*, 
1021, 1087, 1115*, 1167*, 1247, 1277 
EcMnodon, 1147 

Echinoids, great develoiJinent of, in Jurassic 
time, 1115 

Echinosimtagus, 1168 


j Edihiosphoxites, 93S 
Echimis, 1278 
Eclogite, 252 

Ecuador, volcanoes of, 263, 264, 280, 312,. 
322, 324, 326, 329 ; earthquakes of, 365, 
366, 375, 376 
Edciphodon, 1192 

Edentates, fossil, 1273, 1295, 1296, 1299 

Edestns, 1025 

Edmondia, 1023, 1066 

Eels, early forms of, 1173 

Efflorescence products, 445 

Effusive or volcanic rocks, 197 

Egeln Beds, 1257 

Egerkingen, Eocene osseous breccia of,. 
1237 

Eichioaldia, 939 

Eifel, volcanic phenomena of the, 268, 27U 
275, 278, 281, 291, 314, 327, 329 ; crater- 
lakes or maarc of, 324, 326 
Eifelien, 992 
Ehmcriims, 984 
Elffiolite, 100 
Elseolite-syenite, 220 
Elasm odectes, 1192 
Elasnwsanriis, 1176 
Elater, 1133 
Elaterite, 185, 186 
Elbe, River, 484, 485, 489, 494 
Elements, most important in earth’s crust,. 

83 ; native in crust, 91 
Elephants, fossil, 1278 ; African, in glacial 
period, 1317 

Elephas, 1278*, 1297, 1315*, 1350 
Ek'p/uis antiquus, age of, 1355 
EleufMerocarls, 1006 
Elevation. See Upheaval 
Elevation-craters, theory of, 320 
Elfjlnia, 1090 
Elgin Sandstones, 1090 
Elk, fossil, 1356; Irish, 1355, 1356 
Elk River Series, 1061 
EU ipsocephalus, 912*, 914 
Ellipsoidal structure of lavas, 136, 306, 309,. 
760, 951 

Elm, fossil forms of, 1204, 1224, 1276, 
1287 

Elou Lckthys, 1031 
Elopopsis, 1173 
Elotherids, 1265, 1273 
Eloth criuw., 1249 
Elton Lake, 529, 530 
Eluvium, 440 
Elvan, 209, 740* 

Eiymocaris, 1006 
Enmrrjimda, 1170 

• Embryonic development and palaiontological 
succession, 846 
Emei'y, 95 

Empyreumatic odour, 140 
Emscherien, 1196, 1201 
Emu, fossil, 1300 
Envy da, 1297 
Ernys, 1214, 1237 
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£/iaIior/iis, 1175, 1178 
Enaliosaiirs, or sea-lizards, 1122 
Etudlocrinv.s, 96S 
Encliodus, 1173 
Encrinite Limestone, 179 
Hiicrinunis, 941 
Encriaus, 1087^ 

Eiidmoraiie. See Moraines, terminal 
Endoeeras, 940 
Eiidoiiiorpli, 89, 94 
Eiidofhiodoii, 1089 . 

Endotliiodonts, 1080 
Endothi/ra, 1020 
England. See Britain 
E/i/ieoelu'/i, 1159 

Enstatite, 182 ; artificial formation of, 413 
Enstative-olivine-rock, 241 
Entalophora, 1141, 1168; 

Entdodo/i, 1249 
EntomideUa, 915 
Entomis, 921, 941, 983*, 985 
En toptych us, 1273 
Eobasileiis {Uintatherium), 1229 
Eocene, definition of term, 1220; forma- 
tions, metamorphism of, 803, 804, 1223 ; 
account of, 1223 ; flora of, 1223 ; fauna 
of, 1225 ; distribution of, over tlie world, 
1223 ; in Britain, 1229 ; in France and 
Belgium, 1234 ; in Southern Europe, 
1238 ; in India, &c., 1240 ; in North 
America, 1241; in South America, 1244 ; 
in Australasia, 1244 ; Niimmulitic Lime- 
stone in, 1224*, 1239 ; coarse boulder-beds 
in, 1239 ; coal of Haring, 1239 ; volcanic 
rocks associated with, 1240, 1244, 1245, 
1246 

Eocystites, 912 
Eohijjpus, 847, 1228 
Eohyiis, 1228 
EoUrion, 1206 
Eolithic, 1349 
Eorneryx, 1243 
Eophyton, 911 
Eosaunis, 1062 
Eoscoipius, 1032* 

Eozoic rocks, 861 

Eozoon, 870, 878 

Eparchfean Interval, 904 

Epeirogeuy or continent-making, 392, 1374 

Ephemera, 1003 

Ejnaster, 1193 

Epicampodon, 1107 

Epidiorite, 224, 234, 252, 790 

Epidiorite-scliist, 252 

Epidosite, 253, 790 

Ejndote, 103 ; as a metamorphic product, 
772, 773, 774, 790 
Epidote-schist, 253, 790 
Epidotisation, 790 
Epigeiie action in geology, 262, 430 
Epihippus, 1243 
Eporeodon, 1249, 1273 
Eppelsheim, bone-sand of, 1268, 1293 
Epsomites, 420 


i Equatorial diameter of the eartli, 20 ; 
I Current, 23, 559 
’ Equinoxes, precession of, 23 
! Equisetacece, fossil, 1004, 1012, 1019, 1026, 
I 1066, 1085 

: Equisetites, 1085, 1133, 1185 
; Equlsetum, 1096, 1112, 1203 
I Equus, 847, 1278, 1297 
i Equus Beds (Pleistocene), 1317 
I Eretmosauru-.s, 1137 
! Erguss-gesteine of Koseiibiisclu VM 
j Erinnys, 912*, 914 
Erodona^ 1250 
' Erpetusuehns, 1090 

! Erratic Blocks, 161, 554*, 1016, Bill, 1318 ; 
I evidence of transport of, 1310, 1331, 

' 1338 

! Eryma, 1119 
I Eryon, 1119 

j Eruptive Rocks. See Igneous Ibicks 
Eredla, 1268 
Escarjmients, 500, 1387 
Eschara, 1202, 1277 
Eskers, 1323, 1330 
Essential minerals, 89 
Esthcria, 983*, 1006,1031, 1073, 1087* 
EsthonJx, 1243 
Estuarine deposits, 510, 581 
Estuarine Series (Inferior Oolite; of \'()rk- 
shire, 1140 
Etangs, 441 

Etchiminiaii Series, 905, 931 
Ethm ( q/yllum, 912 

Etna, literature relating to, 264 ; dimen- 
sions of, 264, 265* ; sti.-ani (liseharg«Ml 
by, 266; fuinaroles of, 269; melting 
of snow on, 270 ; bomljs of, 274, 275 ; 
geological age of, 281 ; most active 
in winter, 282 ; rliythniic.al <*ru})tivity of, 
284 ; fissures on, 286, 289 ; dykes on, 
287* : caldera of, 290, 326 ; la,va-streanis 
of, 298, 299, 300, 305, 307, 3,08, 309, 
310; jiroofs of ii])heaval nt, 311; suli- 
sidiary cones of, 323, 326, 3*18 ; maj) of, 
331*; shifting of vent of, 3,B2 ; hegan as a 
sulmiarine volcano, 336 ; caiisi; of its widi* 
reputation, 342 ; began its eruptions in 
Pliocene time, 1293 
Etohlattin a, 1073 
Eucal am. Ucs, 1065 
Eucalyptus, 1164, 1223, 1251 
Each i rosan t ms, 1069 
Eucladia, 939 
Eacladocriaus, 1022 
Eudea, 1086 
Eadesia, 1150 
Euelephas, 1297 
Eur/aster, 984 
Ewjenia, 1231 

Eurjnathus, 1089, 1122, 1137 
Eagonocems, 1212 
Eugranitic, 221 
Eulexraspis, 942 
Eulimene, 1282 
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Enlomu, 922 

Edoma-Xiobe fauna, 922, 924 ; world-wide 
range of, 944 
Eulysite, 240, 253 
Evmavgwr'da^ 1285 
Eiimys, 1249 

Ennella, 986 ! 

Euoni2}hafHf<, 940, 962'', 986, 1022'‘-, 1023, 
1078 

Eupatagvi^^ 1245 
Eirplhoheria, 1032 
Eiipliotkle, 232 
Eiqmilnffonht^ 1243 
Eupsam in bf, 1 242 

Eurite, 209, 258 ‘ 

Enritic structure, 151 j 

Europe, geological maps of, 8 ; variations of 
sea-level round coasts of, 43 ; area, mean I 
height and liighest elevation of, 49 ; pro- ' 
portion of coast-lino of, 54 ; fissure erup- | 
tions in, 345 ; active volcanoes of, 348 ; j 
earthquakes in, 359, 362, 365, 367, 368 ; i 
prevalent directions of mountain-chains in, ' 
394; sand-dunes of, 441, 442; composi- ! 
tion of river waters of western, 488, 494 ; i 
tidal luirs of, 512 | 

Pre-Cambrian rocks of, 897 ; early jn’e- I 

Pakeozoic land of, 890, 908 ; Cambrian | 
system in, 924 ; Silurian, 945-977 ; De- : 
voniaii, 9S8-996; Old Red Sandstone, 
1006- 1012; Carl)oniferous, 1037-1056; 
Permian, 1069-1078; Trias, 1091-1106 ; ' 
Jurassic, 1128-1158 ; Cretaceous, 1180- ' 
1208 ; geographical changes in, at end of ■ 
Mesozoic time, 1219 ; Eocene formations : 
in, 1223-1241; Oligocene, 1249-1260 ; 
Miocene, 1266-1272; Pliocene, 1280-1296 ; 
Pleistocene, 1303-1339 ; post-Tertiary and 
Recent, 1347-1361 
Eifrueari’, 925 
Eiirijrori/nfii, 1144 
Evn/lej)is^ 1062 
Eiin/iuitifu^ 1024, 1032 
Eu ryjitiu'i'lla, 1005 

Eiirypterids, chief periods of, 942, 1005, 
1031 

EnrypUrus, 942, 958, 983", 1005, 1024, 1031 

Euryikeriiu/i , 1234 

Etisarcus, 942 

Eumi/.ifs, 1249 

Eudheniipternii , 1014 

Eiitaxites, 131, 212 

EntJiyfiotus, 1122 

Eidoinocem.s, 1107 

Evolution of species, 838, 842 ; hearing of 
paheoiitology upon, 845 
Knoffyra, 1116, 1119", 1169" 

Exosmosis, 741 

Exqteditions, oceanographical, 38 
Experiment in geology, 119, 261, 329, 352, 

361, 362, 398, 409, 421, 435, 451, 454, 

466, 473, 487, 491, 492, 496, 535, 561, 

566, 567, 613, 625, 626, 661, 683, 716, 

717, 733. 852 


Ex 2 :>losioii- craters, 324 
ExqRosioiis, volcanic, 289, 296, 335, 337, 
343 ; transitory character of, 292 ; cause- 
of varying energy of, 294 

Fnholdea^ 1224 

Fab III aria, 1237 

Farjvs, 1210, 1246, 1257, 1292 

Fahlbands, 820 

Fairy-stones, 647 

Fakes, 165 

Falcon Island, a modern volcano, 334 
False-bedding, 636 
Faluns, 1253, 1266 
Fanunenien, 991 

Fan-ioalins, fossil, 1224, 1247, 1270 
B^an-shaped structure, 678", 1371 
Fans of alluvium, 505" 

Faroe Isles, i^lateau of, 39, 345 ; sill in, 732" 
Fascicula ria, 1282" 

Fam.ahii'ia, 1170, 1267 
Bhissaite, 102 
Fassanian Group, 1106 
Fanlts, connection of, with earthruiakes, 370, 
423 ; afford channels for underground 
water, 466 ; description of, 687 ; nature 
of, 688 ; throw of, 690, 694 ; hade of, 
690 ; different classes of, 690 ; normal, 
690 ; reversed or overthrust, 690, 794", 
1053, 1054, 1370 ; dip- and strike-, 694 
heave of, 695 ; dying out of, 69'6", 698 ; 
gi’oups of, 699 ; step-, 699 ; trough-, 699 ; 
detection and tracing of, 700 ; generally 
make no feature at the surface, 0700, 
1370, 1384 ; gravity-faults, 702 ^ 

Fault-rock, 164, 689 

Pbaniias, marine, sometimes less advanced 
than terrestrial floras, 839, 84S ; earliest 
known, 877, 904, 910, 931 
EamsUi\% 948, 984, 1021 
Favularia, 1065 
Pkaxoa Chalk, 1208 
Feather-palms, fossil, 1224, 1247 
Feel of rocks, 140 
Fclis, 1295, 1297, 1358 
Felsite, 213, 215 
P''elsite-porphyry, 21 6 
Felsitfels, 215 
Felsitic structure, 149, 151 
P’elspars, 98, 109 ; artificial production of, 
404 ; decomposition of, by rain, 452 
P^elspathic, 137 
Felstone, 215 
Felt, mierolitic, 228 
Fmestella, 939, 1022, 1066 
Ferric oxide, 84, 90 ; proportion of, in earth’s 
crust, 87 
Ferrite, 157 

Ferrous carl)onate, 85, 91, 107, 187, 194, 472 
Feri’oiis oxide, 85, 96 ; proportion of, in 
earth’s crust, 87 

Ferrous silicate as a colouring ingredient in 
rocks, 139 

Ferrous sulphate, 96, 472 
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Ferruginous deposits, 96, 107, 186 
Fetid odour of rocks, 140 
Ffestiniog flags, 921 
Fibrolite, 103 
Fibrous structure, 135 
Bkchtelite, iSo 
Ticophi/llur/i, 1211 
Ficida^ 1283 

Ficiis, 1164*, 1230, 1263*, 1292 
Field implements for geological research, 
110, 117 

relations as a basis for the classification 

of igneous rocks, 197 
Fig, fossil, 1165, 1209, 1224, 1247, 1270 
Fiji Islands, 336, 338, 382, 621, 623 
Finland, geological maps of, 10 ; pre-Cam- 
brian rocks of, 900 ; glaciation of, 1332 ; 
geological history’’ recorded in peat-mosses 
of, 1360 
Bhreclay, 168 
Bhre-damp, 86, 427 
f'ire-marble, 177 
Firn, 189, 535 
B'irtlis, 391 

Fishes, killed in large numl)ers by volcanic 
eruptions, 335 ; by earthquakes, 375 ; 
and by other causes, 828, 1003, 1011, 
1109 ; transport of pebbles by, 578 ; 
deposits formed of excrement of, 614 ; 
evolution of, 847 ; earliest types of, 942, 
987, 1004* ; immense numbers of, in some 
deposits, 1003 ; Carboniferous, 1024, 
1031 ; Mesozoic types of, 1122, 1173 ; 
earliest teleostean, 1173 ; trituration of 
molliiscan shells by, 1283 
Fissility, ditterent kinds of, 636 
Fissi rostra, 1168 

Fissure eruptions, 264, 342* 350, 763, 

1252 ; terrestrial features due to, 1376 
Fissurella, 1282 

Fissures, volcanic, 279, 286, 300, 342 ; 
earthquake-, 372, 373* ; sea-water seen to 
pour into, 354 ; without vertical displace- 
ment, 687 ; in limestones and other rocks 
frequently full of animal remains, 1094, 
1237, 1266, 1350, 1358 
Fissuridea, 1215 
Fistulijoora^ 984 
Fitionia, 1185 

Fjords, as proofs of subsidence, 391 
Flabellarm, 1165, 1246, 1257 
Flabellum, 1242, 1300 
Flame- coloration, mineral testing by, 118 
Flamingoes, fossil, 1254 
Flat works in mining, 819 
Fleckschiefer, 248 
Fleming ites, 1089 

Flexures of rocks, relation of, to terrestrial 
features, 1367 ; monoclinal, 1367 ; sym- 
metrical, 1367 ; unsymmetrical, 1369 ; 
reversed, 1370 

Flint, 179, 195, 625, 831, 1162, 1167 
Flinty texture, 133, 138 
Floating islands, 492, 606 


Floe-ice, 563*, 574, 578 
Floe-rat, Arctic, fossil, 1316, 1324 
Floods, 493 

Ifloras, terrestrial, less serviceable tlian terres- 
trial faunas for stratigrapliical ijurposes, 
832, 839, 848, 1034 ; sometimes in advance 
of marine faunas, 839, 848 ; earliest known, 
910, 936 ; Devonian, ^hS4 ; Old Red Sand- 
stone, 1001 ; Carboniferous, 1025 ; Rer- 
niian, 1065 ; change from Raheozoic; to 
Mesozoic, 10S2 ; earliest <iicotyledonous, 
1164 ; Alpine or Arctic, history of, 1325 
Floridian Series (Pliocene), 1298 
Florissant, lake-deposits of, 1248, 1260 
Flowers, preserved as casts in travertine, 
476 

Flow of solids, 421 

Flow-structure (Fluxion -structure, Fliictim- 
tionstructnr), 131, 147, 153, 154*, 211, 
214, 226, 636 

Fluid-cavities in rocks, 143, 144* 

Fluorides, 107 

Fluorine, proportion of, in outer ))art of earth, 
83; combinations of, 87, 107 ; gre.at 
chemical activity of, 87 ; at volea,nii; 
vents, 269 ; as a mineralising agiuit, 407, 
415, 778, 809 

Fluorite (Fluor-spar), 87, 107, 814 
Flustra, 1237 

Fluxion-structure. See 'Fb )w -structure 
Flysch, 1205, 1223, 1289, 1253, 1258 
Foliation, 113, 134, 244, 428 ; soiiietirnes 
coincides with bedduig of strata, 248 ; 
produced l)y dynamical nioveiiKuit, 682, 
788 ; relation of, to chuivagc, 686 ; pi’O- 
diiced in contact-metaiiiorjdiisin, 777 
Ffolkestone Beds, 1185 
Footprints preserved as fossils, 64 4 **, 1089 
Foraminifera, deposits fornieil })y, 177, 178*, 
616, 624, 1020 ; prot<!etiv(; influence of 
some, 604; fossil forms of, 1»3>7, 1020. 
1076, 1086, 1166*, 1186, 1192, 1225*', 

1231 

Foramiiiiferal limestone, 178 
Fonlilla, 915 
Foreland Grits, 989 
Forellenstein, 232 
Forest-1 )ed Group, 1281, 1286 
Fore.st Marhle, 1131, 1138, 1141 
Forestian epoclis in Glacial INaiod, 1313 
Forests, sul)nierged, 388, 389*, 512 ; arrest 
inland march of dune.s, 443 ; attraetiou of 
rain by, 600 ; protective influence of, 603, 
631 ; arrest avalanches, 604 ; successive 
buried, in Coal-measure.s, 650 
“ Formations ” in geology, 855, 8G0 
Fort Pierre Group, 1214 
Fos.silisation, 830, 912 

Fossils, often best seen on weathered Kurfae.eH 
of rock, 110, 454 ; distortion of, 420*, 
801 ; in metamorphose<l reeks, 425, 781, 
784, 798, 799, 801, 802, 974 ; as a basis 
for stratigrapliical cla.s.sification, 657 ; as 
tests of the age of volcanic eruption.s, 720 ; 
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replaced by crystallised silicates, 782, 801 • 
by hieinatite, 819 ; by native metals, &c., 
830 ; (letiiiitioii of tlie term, 824 ; uses of, 
in geology, 833 ; record changes in pliysi- 
cal geography, 833 ; determine geological 
chronology, 835, 856 ; order of succession 
of, ^ 836 ; cliaracteristic, or Leitfossilien, 
836 ; may prove inversion of strata, 837’ 
- 856 ; may l:>e made to indicate tlie relative 
importance of breaks in the Geological 
Record, 841 ; subdivision of Geological 
Record by means of, 843 ; characterise 
siiecial zones or groups of strata, 843 ; 
collecting of, 849; deterndnation of for- 
mations by means of, 855 ; order of suc- 
cession ol, tljc basis of stratigraphical 
geology, 850 ; earliest known, 877, 904 
910, 931 

Rourchite, rnetamorphic action of, 784 
.Fox, Arctic, former southern migrations of, 
1315, 1317, 1354 

Fox, fossil, 1278, 1287, 1315, 1336 
Fox Hills Group, 1214 
Foyaite, 221, 223 

Fracture, inlluence of, on rocks, 415, 423 
Fracture of rocks, 138 
Fragmental iiocks, 159 

structure, 135, 150, 154, 155*, 159 

France, geological maps of, 8 ; volcanic 
geology of central, si-e Auvergne ; Palseozoic 
volcanic ac-tion in, 348, 761, 972; eartli- 
<juakes in, 364 ; changes of level in, 385, 
388, 390 ; /‘tangs of, 441 ; rivers of, 481, 
‘182, 484, 486, 495, 515; river- ter races in, 
507 ; cliemical deposits along coasts of, 
579 ; peat-mosses of, 608 ; structure of 
northern coal-field of, 681, 693 ; granites 
of, 725, 780 

l*re-Oamhrian rocks of, 901 ; Cambrian, 

927 ; Silurian, 971 ; Devonian, 991, 994 ; 
Garljoiiiferous, 1051 ; Permian, 1074 ; 
Jurassic, 1147 ; Cretaceous, 1195; Eocene, 
1234 ; Oh‘gf)ceiie, 1252 ; iliocene, 1266 ; 
Pliocene, 1289; glaciation of, 1308, 1335; 
Piccent deposits of, 1359 
Frasnien, 992 
Froxi/ius, 1214 

Frederickslnirg formation, 1212 
Freestone, 165 
Frialjle, 138 

Frictioii-hreccia, 164, 250, 683 
Friendly Islands, snlnnarine eruptions at, 
277, 334, 335 
Fringing reefs, 618 
Frogs, fossil, 1271, 1287 
F/rmdmdarla^ 1 1 33 
Frost, 454, 531, 661, 663 
Fruchtscliiefer, 248, 781 
Fncoids, fossil, 910, 936 
Fulgurites, 433 
Fuller’s earth, 168 

Fuller’s Earth Group (Fullonian), 1131, 
1138, 1140 

Fumcaroles, 266, 267, 269, 307, 313 


iunafuti, a coral atoll, exploration of, 614, 
623 

Fundamental complex of Archaean o'neiss 
883, 903 

Fundamental Gneiss, 882 
Fundy, tides in Bay of, 557 
Fungi, fossil, 1026 

Fusion, experiments in, 402, 716 ; aquo- 
igueous, 412 ; regarded as li(|uefactioii by 
^ solution, 413 ; expansion of rocks by, 413 
1 usiou-point, in silicates, low’ered by water, 
304, 413 ; of a mineral and of its glass, 
405 ; experiments on, 717 
Fusulina, 1020, 1076 
FimilineUa^ 1057 
Fitsiis, 1170, 1225* 1248, 1267 

Gabhro, native iron in, 93 ; gases in, 142 ; 
characters of, 231, 239 ; banded structure 
of, 232, 256, 711, 78S, SOS ; meta- 
morphism of, 790 ; separation of ores in, 
SOS 

Gabbro-scliist, 251, 252 
Gaize, 166, 1150, IISS, 1200 
(rulecynus, 1273 
(raleocerdo, 1237, 1255 
/ hileritcs^ 1 1 6 7 * 

Galesauriaus, 1080 
(taiesauriis, 1089 
(dddhydu, 1234 
(killns, 1295 

Ocmgamopteris, 1059, 1066 
Ganges, annual rise of, 481 ; vegetable rafts 
of, 492 ; sediment in, 495 ; delta of, 517* ; 
rate of denudation of, 589 
Gangetian Group, 1106 
Gang-gesteine of Roseiibiisch, 197 
Gangue, 814 
Gaimets, fossil, 1254 
Gamiister, 168 
(kcnodus^ 1141 
Garbenschiefer, 248 
Garda, Lago di, height of, 1338 
Garnet, 104, 171, 222, 423 ; in contact- 
luetamorphism, 773 
Garnet-rock, 253 

Gases, occlusion of, iu meteorites, 17 ; in 
earth’s interior, 72; in rocks, 85, 142, 143, 
144* ; given off in association with mineral 
oils, 86, 185, 318, 357 ; volcanic, 265, 
266, 286, 291, 294, 313 ; of mud-vol- 
canoes, 318 ; in the subterranean magma, 
353 ; observed at earthquakes, 373 
Gash- veins, 819 

Gas-springs, in delta of Mississippi, 512 
Gas-spurts, among stratified rocks, 645 
Gasteropods, early forms of, 915, 940 
Gastornis^ 1226 
Gastriocercis^ 1023, 1076 
GastTochivnia, 1161 
Gaudarian Group, 1106 
Gaudryina, 1 1 6 6 * 

Gault, 1182, 1183, 1186, 1203 
Gavialis, 1237, 1297 


1432 


TEXT-BOOK OF GEOLOGY 


Gaylussite, 531 
(^axelhf; 127S, 1295, 1297 
Gazelles, fossil, 1278 
Geanticlines, 380, 678, 1374 
Gediniiien, 992 
Gedravian, 1283 
(rei/cie<f., 1090 
Oelnltzdla^ 1078 
1249 

Generalised or synthetic organic types in 
geological time, 846, 942, 1002, 1028, 
1032, 1127, 1165, 1179, 1211, 1226, 1227, 
1228, 1295 
Genesee Group, 997 

Geneva, Lake of, 510, 520, 521, 522, 524, 
525 

Geognosy, 4, 34 

Geological Books of Reference, 5 
Geological causes, no evidence of former more 
violent, 31, 75 ; slow action of, 74 ; may 
not always have been the same as now, 261 
Geological investigation, works on, 6 
Geological maps, 8 

Geological Record, 3 ; imperfection of, S41, 
858, 910 ; subdivisions of, by means of 
fossils, 843, 855 ; thickness of, in Europe, 
856 ; relative importance of sululivisions 
of, not to be judged l)y depth of strata, 
856 ; classification of, 861 
Geological science, history of, 5 
Geological iSociety of London, 13 
Geological Survey of Great Britain, maps of, 
8; discovers Olenelhfi^- zona in N.-W. 
Scotland, 883 ; work of, in Scotland, 794, 
8S3, 891, 893, 920, 950, 965, 1007, 1042, 
1070, 1137, 1194: in Wales, 915, 945, 
1007, 1038, 1040 ; in the Mi(llands, S97, 
1049, 1091 

Geology, object and scope of, 1, 14 ; nature 
of evidence re(pure(l by, 2 ; cosmical 
aspects of, 4 ; Dynamical, 4, 260 ; Geo- 
tectonic or Structural, 4, 633 ; Palaioiito- 
logical, 4, 824 ; Stratigraidiical, 5, 855 ; 
Physiographical, 5, 1363 ; Experimental, 
see Experiment ; treatises on, 5, 6 ; works 
on applications of, 7 ; relation of, to Archae- 
ology, 1357 

Georgian Pormation (Cambrian), 931 
(rcosaums, 1145 
Geosynclines, 678, 1374 
Geotectonic geology, 633 
(reoteuthis, 1118, 1137 
Oe,2}hyTOcems, 986 
Geranium, 1257 

Germany, geological maps of, 8 ; Permian 
volcanic rocks of, 849, 1072 ; Triassic 
volcanic rocks of, 349, 1084; earthquakes 
in, 359, 362, 367 ; pre-Cambrian rocks of, 
901 ; Cambrian system in, 928 ; Silurian, 
975 ; Devonian, 991 ; Carboniferous, 1054 ; 
'Permian, 1072 ; Trias, 1084 ; Jurassic, 
1153 ; Cretaceous, 1202; Oligocene, 1256 ; 
Miocene, 1267 ; Pliocene, 1293 ; glaciation 
of, 1305, 1308, 1334 


1 aerciUia, 1088, 1116, 1169 
Geyserite, 195, 291, 315 
Geysers, 291, 315, 473 
“Giants’ Kettles,” 551* 

Gihlmla, 1284 
' (rir/aiitosat/nis, 1145 

I Gin/<tfo {Salisburia), 1028, 1112, 1165, 1223,. 

; 1271 

■ Giraffes, fossil, 1278 
' GirtYuuBa, 192, 933, 951 
Gisurtia, 1232 
; G issocrinus, 938, 957 
: Givetien, 992 
Glacial Period, 1301 

; Glaciation, nature of, 550, 1304, supposed 
' evidence of among old geological ibrnia- 
i tions, 1001, 1011, 1016, 1020, 1050, 1057,. 

' 1058, 1059, 1060, 1239, 1271, 1309 

i Glacieres, 468 
I Glacier-ice, 189, 535 

I Gl.aciers, ice-dams formed by, 493, 543 ; 

I origin, structure and motion of, 535, 536, 
j 538, 541 ; of Greenland, Alaska, and; 
' Antarctic regions, 537 ; of Alps and 
I Scandinavia, 538*, 541*; gneissoid band- 
I ing and plication of, 542 ; geological woik 
I of, 544, 1386 ; transport of material by, 
544 ; erosion by, 548 ; amount of mud 
produced by, 553 ; deposition of detritus 
by, 553 ; of Glacial Period, 1301 et m/. 
Glaudina, 1250 

Glarner double-fold, <liscussion regarding 
the alleged, 677 

Glarnisch, structure of the, 676* 

Glarus, fish-hearing shales of, 1258 
Glass, specific gravity of volcanic, 70 ; in- 
clusions of, ill crystals, 145 ; in volcanic 
rocks, 147, 153 ; higher silica percentage 
ill, 236, 746 ; characters of, 403 ; devitri- 
fication of, 407 {see Devitrification) ; in 
dykes, 745 

Glassy, 89, 112, 131, 147, 196, 272 
Glauixniia, 1170, 1212 
Glauconite, 106, 166, 181, 242, 5S2,f627, 
1188 

Glauconitic deposits, 181, 627, 1162, 1166 
; Glauconitic Marl, 1182, 1188, 1190 
j Glauconitisation, 177, 181, 627 
Glaaconome, 949, 1022 
Glaucophane, 101, 784 
Glauco])haue-eclogite, 253 
Glaucophane-schist, 252, 784 
Gleicheivia, 1165 
Gleicheui tes, 1109 
Glengariff Grits, 1012 
Gleukiln Black Shales, 951 
Globifjeriiia, 178*, 1086, 1166* 

Globular structure in igneous rocks, 196 

Globulites, 148 

Glossoceras, 940 

Glossopteris, 1059, 1066, 1085 

Glossopteris flora, 1059, 1078, 1080 

G I ossomm ites, 1079 

Glutton, fossil, 1287, 1354 
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Oli/cinierls, 123-3 
1134 

(Jlypliioccras^ 1023, 1039 
ObjptAVYca^ 922 
(HypMspiH, 977 
“Glyptic” Period, 1349 
GlyptlaLs 1115 
Glyyjtocn'/uis, 938 
(Jly2)tocyst lies, 938 
( ilyptodoMihu ) /i , 937 
(Jlyptodon, 1362 
(JlyjdotjjicUhii.,% 1107 
aiyptolepis, 1005 
Gfyjdoponn/s, 987, 998, 1005 
(.flyjdosroipufs, 1031 

Glypiostrohus, 1213, 1263, 1276* 1277*, 
1294 

Gneiss, gases in, 142 ; general characters of, 
255 ; l)ande(l structure of, 256 ; origin of, 
257 ; varieties of, 257 ; analyses of, 259 ; 
as a product of contact-iuetarnorphisin, 
780 ; of regional metamorphism, 786 ; 
of the crystalline schists, 869 ; eruptive 
origin of some, 872 ; original and younger 
fornis of, 874 ; Arcluean, 883, 895, 898, 
900, 902, 905, 906 
Gneiss-granite, 207 
Goat in Neolithic time, 1356 
Goffered schists, 780 
Golapilli Beds (India), 1160 
(iiunphoceras, 959 
Utnitdodus, 1032 

Gondwana System, 1058, 1079, 1160 
(ditndioayiosaui'us, 1079 
G()iii(teodtni, 1243 
GmilaUtes, 1023*, 1039, 1076 
Goniatitoids, first appearance of, 986 ; 

waning of, 1082 
( ’lonicKjlyptvs, 1107 
Goidomytf, 1116 
Go'niojJuliSf 1122, 1175 
Gotiiojdiora, 961, 962* 

( hnihipliyllvAn, 944 
Gotutipterls, 1081 
Goti.iopyffus, 1201 
Goodniglit Beds, 1299 
Goose, fossil, 1287 

Gopher, geological action of, 601 ; fossil, 1317 

Gordo ida, 1090 

Gorges. Hee. Ravines 

Goryoniehthys, 988 

Gosau Beds, 1205 

Gossan, 93, 818 

Graa divvy 18, 1179 

Graham’s Island, 333, 339 

( iram.riiocera8, 1136 

Gramniysla, 940 

Granite, crushing strength of, 71 ; essential 
and accessory minerals of, 89 ; drusy 
cavities of, 90 ; gases contained in, 142 ; 
description of, 203 ; bibliography of, 203 ; 
varieties, 204 ; analyses, 207 ; veins from, 
sometimes show glassy and spherulitic 
structures, 208, 209 ; weathering of, 208, 


455 ; modes of occurrence of, 208 ; contains 
minerals that could only have consolidated 
at comparatively low temperatures, 412 ; 
original condition of, 413 ; number of 
cubic feet of, to one ton in air and in sea- 
water, 568 ; jointing of, 663 ; fusion point 
of, 717 ; bosses of, 723 ; the oldest known 
rock, 723 ; of many different ages, 724 ; 
enclosures hi, 724 ; marginal differences 
in structure and texture of, 725 ; relations 
of, to surrounding rocks, 726 ; injection 
of, 728 ; lit-pav-Ut permeation by, 728 ; 
connection of, with volcanic rocks, 729 ; 
veins of, 739* ; foliation developed along 
segregation veins in, 742* ; has not fused 
parts of adjoining rocks, though it has 
absorbe<l them, 767, 776 ; coiitact-meta- 
morphism produced by, 778 ; supposed 
absorption of basic materials by, 780 ; 
origin of mineral veins around masses of, 
809 

Graiiite-porjihyry, 20 S 
Granitell, 205 

Granitic (Granitoid) striictui e, 128, 151*, 196 
Granitisation, 728, 781, 787 
Graiiitite, 204 
Granophyre, 206 

Granophyric structure, 128, 129*, 151, 152, 
206 

Granular-crystalline, 128 
Granular'structure, 130, 196 
Granulite (in French sense), 130, 151, 196, 
205 ; (in English and German .sense), 130, 
245, 258 ; analysis of, 259 
Granulitic structure, 130, 151, 196, 205, 
245, 248, 258, 789 
Grape-seeds, fossil, 1251 
Grai)liic structure, 128, 206* 

Gra])hite in meteorites, 17 ; mineral ogical 
characters of, 92 ; distribution of, IS6 ; 
coal altered into, 771 ; in gneiss, 879 
Grajdiite-schist, 250,' 259 
Graptolites, as characteristic fossils, 837, 
918 ; phylogeny of, 846 ; earliest fornis 
of, 911 ; figures of, 935*, maximum 
development of, 938, 945 ; stratigraphical 
zones determined by, 938, 946, 947, 954, 
955, 959 ; successive extinction of fauiilies- 
of, 947, 954 ; final disappearance of, 959 
Gra.sses, fossil, 1251 
“ Grail wacke” of older geologists, 933 
Gravel and Sand Rocks, 160 
Gravel, 163 
Gravity-ffiults, 7 02 
Gravity measurements, 396 
Great Oolite Grouii, 1131, 1138, 1140 
Great Rift valley of East Africa, 700, 1384 
Great Salt Lake, 446, 526, 529, 531 
Greece, geological map of, 10 ; volcanic 
eruption in third century B.C., 327 ; 
metamorphism in, 803 ; Cretaceous rocks 
in, 1206 ; Pliocene mammals of, 1294 
Green as a colour of rocks, 139 
Greenland, native iron of, 17, 93, 235 
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cryolite of, 190 ; subsidence of coast of, 
392 ; effects of frost in, 532 ; glaciers of, 
535, 536, 537, 539, 544, 553 ; icebergs of, 
578; Jurassic rocks in, 1158; Cretaceous, 
1208 ; Miocene, 1271 

•Green Mountains (New England), regional 
metainorphism in, 803 
Green muds of sea-liottom, 5S2 
Greensand, 166, 181 

Greensand, Lower, 1182, 1183, 1184, 1185 

Upper, 1182, 1186 

“Greenstone,” 223, 233, 791 
Greenstone-schist, 251, 252 
Greisen, 812 

Grenville Series of Ontario, 903, 904 

Gres Arinoricaiu, 927 

Gres Bigarre, 1097 

Gres des Vosges, 1097 

Gressli/a, 1116 

CrreTillea, 1230 

Grey as a colour of rocks, 138 

Grey and red clays of ocean abysses, 583 

Greywacke, 155*, 166 

Grevwacke-slate, 167, 172 

Grey Wethers, 165, 453, 464, 1233 

Grie shack ites, 1107 

Griffelschiefer (Silurian), 975 

GritfithideSj 1023 

Grit, 164 

Gritty structure, 1 35 
Grorudite, 208, 221 
Grottos, 478 

Ground-ice, 189, 533, 564 
Groundmass of igneous rocks, 128, 129, 
149, 152, 154, 216 
Ground-moraine, 546, 1309 
Ground-swell, 561 
Group or Stage in stratigraphy, 860 
Gnis, 1254, 1295 
Gnjphim, 1116, 1117*, 1211 
Gshelian (Carboniferous), 1051 
Guano, 181, 626 
Gua^nitic Group, 1218, 1244 
Guemhelites, 1107 
Gulf Stream, 558, 565, 577 
Gulls, fossil, 1254 
Gulo. 1287, 1354; 

Gi/muites, 1107 
GynmofjmjJtas, 968 
Gi/mnopti/cJi us, 1249 
Gympie Series (Queensland), 1058 
Gypidida, 986 
Gypseous, 137 

Gypsum, 85, 86, 107, 189 ; modes of origin of, 
193 ; increase of volume in production of, 
from anhydrite, 400, 453 ; capacity of, 
for absorbing water, 410 ; decomposition 
of, 451 ; solubility of, 452 ; precipitation 
of, 529, 530, 579 ; in sea-water, possibly 
the source of the calcium-carbonate in 
marine organisms, 613 ; Palaeozoic deposits 
of, 933, 977, 979, 1059, 1062, 1064, 
1071, 1072, 1077 ; Mesozoic deposits of, 
1084, 1093, 1103, 1110, 1153, 1155; 


Tertiary deimsits of, 1237, 1241, 1259, 
■ 1275, 1291, 1292, 1294 

'j Gypsum of Paris (Eocene), 1237 

, Gyracanthus, 998, 1032 
Gyroceras, 1062, 1067 
1 Gyrodes, 1211 

Gyrodus, 1122, 1173 
Gyrolcpis, 1089 
Gyronites, 1106 
(Jyroporelltt, 1086, 1102 
Gyroptychim, 1005 

Iladrosaurus, 1176 

Haematite, 96, 194 ; artificially formed, 413 
Hail, production of, 447 ; geological action 
of, 533 

Hakm, 1276*, 1294 
Halbgranit, 205 
Halcyornis, 1226 
Haliotis, 1245, 1300 
llaliserUes, 984 
llalltkcri nni, 1255 
Hiilleflinta, 253, 259 
Tlalloce/ras, 986 
I/allopus, 1126 
Ilalobia, 1088, 1161 
J/alo(l(i'/L, 1179 
Ilahmia, 1028 
llalorltes, 1089 
Haly sites, 987 
Hamilton Groiq), 997 
Jlarnites, 1171*, 1172 

Haminaf.occras, 1151 
Hammers, geological, 110 
Hamstead Beds, 1250 
Hangman Grits, 989 
Jlapl ocents, 1172 
Jlaplocrhivs, 984 
Jluplacodou , 1 24 9 
llapjlopMe.hium, 1 033 
Hanlelkt, 1297 

Hardness of minerals and rocks, s(iale of, 
111 

Hare, Alpine, 1354; fossil, 1249, 1271, 
1278 

Harmotome, 104 
Ilarpa (jades, 1148 
JImpes, 941, 985 
Jlarpides, 922 

JIarpaceras, 1119, 1133, 1136* 

Harpoceras falciferum, Zone of, 1133 
tiartite, 185 
Hartsbill Quartzite, 923 
Harzbiirgite, 241 
Hastings Sands, 1182, 1184 
, Hastings Series (pre-Cambrian), 903, 904 
I Hatchettite, 185 

L JIaughtonia, 924 

Hangia, 1136 

L Hauterivien, 1196, 1197, 1204, 1206 
i Hauyne, 103, 142 ; artificially formed, 413 
Hauyne-trachyte, 227 

Hawaii, peaks of, 40 ; literature of volcanic 
; geology of, 282 ; fumaroles of, 269 ; 
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seasonal variations in eruptivity in, 282, 
283 ; eruptive periods in, 284 ; quiet 
eruptions in, 285, 294 ; lava-fountains of, 
298 ; forms of lava in, 299, 307 ; rate of 
descent of lava-streams in, 300 ; liquidity 
of lava in, 301 ; slope of lava- sheets 
ill, 305 ; flowing of lava into the sea 
at, 309 ; lava - domes of, 328 ; crater- 
pit and lava-sea of, 329 ; height of vol- 
canic mass in, 336 ; submarine eruption 
at, 339, 353 ; bulk and height of volcanic 
mass of 341 ; extinct cones of, 341 ; in- 
conspicuous sources of lava-streams in, 
345 ; upraised coral reefs of, 382 ; dis- 
tance to which volcanic detritus is carried 
from, by the sea, 582 ; interstratification 
of lava-sand with coral detritus at, 617 
Hawthorn, fossil, 1287 
Hazel, fossil, 1287, 1338 ; geological history 
of, 1360 

“Head” of Southern England, 460 
Headlands, 55 
Headon Beds, 1250 

Hill or Barton Sands, 1229 

Heat, conduction of, in rocks, 62, 767 ; rela- 
tion of, to elevation and depression, 392 ; 
effects of, on/ocks, 399, 434 
Heave of faults, 695 
Heavy spar, 107 
Jlcdwoceras^ 1142 
“Hedekalk” of Sweden, 900 
Jledenidnemia, 1089 
Iledara, 1165, 1235 

Hedgehogs, early forms of, 1227, 1234, 
1254 

Heersian, 1234, 1236 

Plelderberg Group (Lower), 977 : (Uijper), 
997 

Jlelicocerafi, 1210 
J [edict lies, 1107 

Heligoland, diminution of, by breaker- action, 
571 

Jldiolites, 937, 984 
.Ifdiopora, 937 

Helium, in air, 36 ; in mineral springs, 471 
Jlclix, 1214, 1238, 1250, 1266, 1284, 1293, 
1337, 1352 

JldJaJothcriiwi, 1267, 1278, 1295'', 1297 

JlcliaintJuiddton, 940 

Helvetian Epoch in Glacial Period, 1313 

Stage (Miocene), 1267, 1270, 1271 

Jleniicuspis, 958 
Jleiiiiaster, 1168 
Bemdeidans, 1115, 1168 
Mem ico.wiites, 948 

Hemicrystalline structure, 151", 152, 196, 
272 ” 

Mendeydaapis, 961 
Memlgamis, 1243 
Me I/I i'pedviuc, 1115 
Meiiiip7ieude.% 1168 
Mevi Iprisi is, 1173 
Herniptera, fossil, 943 
Meiniptydii na, 1078 


Hemisphere, southern, preponderance of 
water in, 21, 57 

Hempstead Beds, Hamstead Beds 
Henry Mountains, laccolites of, 736* 

Hepatic pyrites, 108 
Mepictsiylis, 1086 
Heptodon, 1243 

Herhivora, great development of, in Pliocene 
time, 1278 

Herculaneum, 271, 312 
Hercyniaii, 901, 993 
Hercynite, 97 
Herons, fossil, 1254 
Herpestes, 1254 

Herring, ancestors of the, 1173, 1258 
Heshayaii Loam, 1337 
Mespe/'omis, 1 1 7 7 * 

Meter acanthus^ 988 
Heterastrem^ 1133 
Mete/ -oh randius^ 1298 
Hete/'oeeras, 1192 
Heterocetus, 1267 
Ileterocrbius, 938 
Meterohyus^ 1227 
Mctm/phlebia^ 1133 
Heteropara, 1115 
Heterostegina, 1260 
Ileterosiichns, 1175 
Hettangian Stage, 1151, 1153 
Heiilaiidite, 104 
Mexacrimis, 984 

Hexactiiiellid sponges, fossil, 911, 913* 
Hickory, fossil, 1165, 1276 
Ilightea, 1223 
High-water mark, 557 
Hildoceras, 1133, 1136 
Hills, origin of, 1381 ; of circumdenudatiou, 
1881 

mis (Neocomian), 1202 
Himalaya Mountains. See under India 
Hindia, 937 
Hinmtes, 1283 

Hipparion, 1265, 1273, 1278, 1279*, 1291, 
1295, 1297 
Hippohyus, 1297 
Mippopodiim^ 1116, 1117* 

Hippopotai/ms, 1267, 1278, 1297, 1350, 
1353 ; in Glacial Period, 1317, 1336 ; in 
Recent Period, 1350, 1353, 1355, 1358 
Mippotheriuiu, 1268 
M ijyjotragus, 1297 

Hippurite Limestone, 1199, 1200, 1205, 1209 
Mippurites, 1169* 1170, 1199 ; extinction 
of, 1222 

Hirnant Limestone, 947 

Hisingerite, 105 

Mistloderma, 924 

Mist id n otus^ 1147 

Historic Series of deposits, 1347 

Hoang Ho, River, 506, 589 

Hoar-frost, geological action of, 450 

Moefferia, 933 

Ma/'iiesia, 1088 

Hog, domesticated, in Neolithic time, 1356 
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Hog, Ibssil, 1263, 1294 
Ilolaspi.s, 1005 
Ilokcster, 1168 

Holaster planus, Zone of, 1182, 1192 

suljglobosiis, Zone of, 1182, 1191 

IIolecti/2)t(s, 1142, 1212 
Holland, geological map of, 9 ; alleged proof 
of changes of level in, 388, 39o ; sand- 
dunes of, 442 ; alluvial origin of, 516 ; 
Pliocene of, 1288 
Hollyhush Sandstones, 923 
JIolniLK, 911"', 915 

Holocrystalline, 127, 150, 196, 204*, 

272 

Holocytstli^ii 1167 
HolocystUe^f, 938 
Hi)liyitema, 1004 
Ilolopca, 940, 949 
Hulo2)eUa, 949, 1078 
Holopitychlus^ 987, 998, 1005, 1011 
Holosa}irifs. 1215 
Holosiderites, 16 

Holothuridie, discovery of Carboniferous, 853 
i{o}naG(f.nt/iifs, 1010 
Homxdiiceras, 986 

Hohialonotm^ 945, 958*, 983*, 985 

Homceodon^ 1243 

Homceospi ra, 940 

Iloviomija, 1142 

Hoimnotufi, 1173 

Koniosteus, 1005 

Ploniotaxis, 838 

Honestone, 172 

Iloplltes, 1172 

Hoplites interriiptus, Zone of, 1182, 1187 
Hoplites lautus, Zone of, 1182, 1187 
Uophuucria, 1231 
llophphon eiu% 1249 
Jloplopterifx, 1173* 

Hot if >2)16 ura, 1206 

Horizon, deHnition of a palmontological, 860 
Hornbeam, fossil, 1224, 1287 
Hornldende, 101, 109 ; artificially formed, 
413 ; as a contact-mineral, 773 
Hornblende-andesite, 229, 231 
Plornblende-gabbro, 232 
Hornldende-rock, 101, 252 
Hornblende-schist, 101, 252, 790 ; formed 
from dolerite, 794, 889* 

Ilorne/'a, 1277 

Hornfels, 248, 251, 259, 774, 782, 783 
Plornschiefer, 226 
Horiistone, 195 
Plorny texture, 133 

Horse, ancestral forms of, 1227, 1243, 1249, 
1265, 1271, 1273, 1317; domesticated, 
in Neolithic time, 1356 
Horsts, 1367, 1371 
Hotting, lignite of, 1338 
Hour-glass sliapes of minute fragments in 
volcanic tuffs, 173 
Human Period. See Recent 
Human records and traditions of geological 
changes, 387, 391 


Humous acids, 450 ; geological action of, 
598, 612 

Humus, origin of, 427, 605 ; organic acids 
yielded by, .598, 599 
Tlnnyarites^ 1089 

Hungary, geological maps of, 9 ; largest lalv e 
of, 578 

Huroniaii rocks of Logan and IM array, 876, 
902, 903, 904 

Huttoiiiaii school of Geology, 399, 733 
Hyivmoachus, 1249 
Hyivmt, 1278, 1287, 1294, 1297 
Tlytynarctos, 1264, 1297 
Hyjeiias, stripe<l and spotted, in Glacial 
Period, 1317 ; in Paheolithic time, 1353 
in Neolithic time, 1358 
Ilyivnidis, 1278, 1295, 1297 
Hyainodon, 1227, 1249, 1265, 1297 
Hyalomelan, 235 
Hyalopilitic, 228, 406 
IlycdosteUa^ 923, 937 
Jlyhocrinus, 93 S 
Hybodiis, 1089, 1122, 1173 
Hydaspian stage, 1106 
IlydaspitherUun, 1297 

Hydration of minerals Ijy rain, 453, 459 ; 

by nnderground water, 473 
Hydraulic Limestone, 190 
Hydraulic pressure of sea-waves, 569 
Ilydrohia, 1207, 1238, 1254, 1268, 1292 
Hydrocarbons, 85, 86 ; of inorganic origin, 
86 ; as mineral oil, and in gaseous form, 
185, 186, 318, 357 ; at volcanic vents, 
268, 357, 35S ; at mud -volcanoes, 318 ; 
possible sources of graidiite in gneiss, S79 
irydrocephalus, 928 

Hydrochloric acid at volcanic vents, 268, 
313 ; in the magma, 809 
Hydrofluoric acid, use of, in petrography, 
116 ; in the snlffeiTanean magma, 809 
Hydrortuosilicic acid in rock -investigation, 
118 

Hydrogen, proportion of, in outer ^lart of 
earth, 83 ; in pores of rocks, 85, 142 ; 
in meteorites, 17, 85 ; ;it volcanic vents, 
268, 338 

Hydro-metamorphisin, 765 

Hydro-mica- schists, 254 

Hydrozoa, earliest forms of, 911, 938 

Hygromia, 1284, 1337 

Ilylmochelys^ 1147 

HyUmsaurus, 1173 

Hylen'petoii^ 1033 

Ilylonorims, 1033, 1068 

Hyloidesion^ 1068 

Hyinenocaris, 914*, 915 

Hyol ithelLus, 915 

HyoUthes, 913*, 915, 945 

Hyopoiaimis, 1227, 1234, 1249, 1265, 1272 

Ilyopsodus, 1243 

Ilyotheriuin^ 1254, 1263 

Hypabyssal rocks of Rosenbusch, 197 

Hyperite, 232 

Jiyperodcq^edon^ 1089 
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Hyperstlieiie, 102 ; artificial formation of, 413 
Hyperstlienc-aiidesite, 229 
Hyperstlienite, 232 
U yjicrtrayuhis, 1249, 1273 
Hypidioniorpliic structure, 151, 197 
HtjplHodvs, 1249 

UyiniHni^ precipitates silica, 609, 610 ; pre- 
cipitates calcium-carbonate, 61 1 
Hypocrystalliiie, 152 
Mypogeue action in geology, 262 
IlypotJiyris, 9S6, 1022 
J/yjisdoplwdo/i, 1173 
Hypsiprymnus, 1128, 1245, 1300 
Jlyj)soc(in/nis, 1 1 43 
J/ypf,incriii'iis, 938 
Hijruchijus^ 1243, 1249 
1/ymrodoji, 1249, 1265 
Ilyrawtherium, 1227, 1234, 1243 
IlysfrU, 1291, 1295, 1297, 1352 
Hytlie Beds, 1185 

Ibis, fossil, 1254 

Ice, influence of polar, on earth’s centre of 
gravity, 2S, 378 ; ellect of a thick cover- 
ing of, in lowering the isogeothernis, 61 ; 
as a geological formation, 188 ; varieties 
of, 189 ; influence of sheets of, on raised 
lieaches, 385 ; sheets of, alleged to cause 
suV)sideuce, 396, 1320 ; fine particles of, 
erosion by, 437 ; darns of, in rivers, 493 ; 
terrestrial, 531 ; ca])s of, 535, 1302, 1304; 
on the sea, 562, 574, 578; “fossil,” in 
Arctic Russia, 1339 
Ice Age, 1301 

Icebergs, 189, 564*, 565*, 574, 578 
Tee-caps, 535, 536, 1302, 1304 
Ice-foot, 563, 574, 578 
Iceland, volcanoes of, 277, 286, 295, 300, 
342, 343, 347, 349 ; wind-home volcanic 
dust from, 295, 445 ; geysers of, 315, 316 ; 
sulrmariiie eruptions near, 333 ; fissure 
eruptions in, 342 ; explosion crater in, 
343 ; Tertiary hasalt - plateaux of, 345, 
1260 ; sinter deposits of, 476 ; lagoon- 
bars of, 513 ; glacier mud of, 553 
Iceiiian, 1284 
ItMJiyocrvuus, 984 
IcJithyodcdes, 1173 
Ichtliyornis, 1 1 7 8 * 

Icbtbyosaurs characteristically Mesozoic 
fossils, 837 ; earliest types of, 1089 ; ex- 
tinction of, 1222 

hMhyosaitms, 1095, 1121*, 1122, 1175 
Jctitheriui/i, 1278, 1294, 1295 
IctojDS, 1249 
Iddingsite, 105, 201 
Idiomorphic, 89, 151 
Jdinonca, 1115 

Idocrase, 103 ; as a contact-mineral, 773 
Igneous Rocks, transitions of composition in, 
" 137 ; characters of, 158, 195 ; structures 
and classification of, 196 ; symbols to 
express composition and structure of, 199, 
nomenclature of, 201 ; families of, de- 


scribed, 203 ; rise of temperature from 
intrusion of, 401 ; tectonic relations of, 
705 ; petrographical provinces of, 707 ; 
sequence of, 706, 886 ; differentiation in, 
710 ; caustic action of, 710, 731, 775 ; 
crystallisation of, 715 ; classification of, 
according to tectonic relations, 719 ; in- 
trusive, 719, 721 ; bosses of, 722 ; coiitact- 
metamorphisni by, 730, 766 ; inffuence of 
surrounding rocks on, 731 ; connection of, 
with schists, 731 ; sills of, 732 ; laceolites 
of, p6* ; veins and dykes of, 736 : necks 
of, 748 ; interstratified or contemporane- 
ous, 719, 753 ; metamorphosed, 766, 779 ; 
metarnorphisrn of, specially important in 
regard to the theory of metamorphism, 
766, 785. 797 ; influence of, in scenerv, 
1379, 1380* 

Iguauodon, 1147, 1173, 1174* 

Ijolite, 222 

Nex, 1165, 1247, 1262, 1276 
Ilfraconihe slates, 989 
I/liuuapsis, 945 
JUmius^ 941*, 946, 975 
Ilmenite, 96, 791 

Imitative markings in sedimentarv rocks, 
911, 936 

Implements, characters of earlv human, 
1348*, 1356*, 1357* 

I luplication-strii cture, 128 
Inclination of rocks, 667 
Indertsch, Lake, 529 

India, geological map of, 10 : mud volcanoes 
of, 318, 328 ; explosion -lake in, 325 ; 
volcanic plateaux of, 346 ; earthquakes in, 
362, 366, 372, 373, 374, 376 ; rainfall in, 
461 ; landslips of, 481 ; river-floods of, 
404 ; mud in rivers of, 495 ; alluvial fans 
oh 505 ; height of snow-line in, 534 ; 
effects of cyclones in, 562 
Pre'Cambriaii rocks in, 906 : Cam- 
brian, 933; Silurian, 979 ; Devonian, 997 ; 
Carboniferous, 1057 ; Permian, 1078 ; 
Trias, 1107 ; Jurassic, 1160 ; Cretaceous, 
1209 ; Eocene, 1240 ; Miocene, 1272 ; 
Pliocene, 1296 ; former greater extent of 
glaciers in, 1345 

Indian Ocean, volcanoes of, 347 ; upheaval 
in, 622 

Indies, East, volcanic geology of, 271, 279, 
294 295 

West, 266, 273, 275, 279, 2S5, 336, 

341, 364, 381, 382, 622 
Jndrodon, 1243 

Induration as an effect of igneous intrusion. 
768 

Inferior Oolite, 1138, 1139 
Infra-Lias, 1094, 1096 ^ 

Infra-littoral deposits, 581 
Infra-Tongrian Stage, 1249 
Infusorial earth, 179, 610 
InocauUsy 977 

Inoceramiis, 1154, 1169*; extinction of, 
1222 
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Insect-beds, 1133, 1144, 1153, 1250, 1270 
Insects, fossil, 943, 1003, 1032, 1069, 1073, 
1120^ 1133, 1141, 1147, 1153, 1248, 1250, 
1257, 1270 

Interglacial beds and periods, 1303, 1312, 
1338 

Intersertal structure, 151, 152*, 153 ; arti- 
ficially obtained, 406 
Iiiterstra tided Igneous Rocks, 719, 753 
Intrusive Rocks, 719, 721, 732 
Inversion of rocks, 67 6 
Iodine at volcanic vents, 269 
lolite, 103 

lone Formation, 1272 
Iphidea^ 915 

Ipswich Formation (Queensland), 1161 
Iris^ 1252 

Iron in meteorites, 16, 93 ; probably forms 
one-half of the whole Inilk of the earth, 
73 ; proportion of, in outer part of earth, 
83, 84 ; combinations of, 84 ; native in 
some volcanic rocks, 85, 235 ; oxides of, 
85, 96, 187, 612 ; carlmnate of, 85, 91, 

107, 187, 194, 196 ; sulphides of, 85, 96, 

108, 648 ; titanic, 96, 791 ; sulphates of, 
96, 472 ; chief colouring material in 
nature, 138, 139, 164 ; phosphate of, 
107, 187 ; specular, at volcanic vents, 269, 
307 ; chloride, at volcanic vents, 269, 
307 ; disulphide as a petrifying medium, 
474 ; disulphide in marine mud, 582 ; 
solution of, by sea- water, 566 ; precipita- 
tion of hydrate of, on sea floor, 580 ; 
elimination of, by organic acids, 612 

Iron Section of Prehistoric Series, 1347 
Ironstone, 96, 107, 186, 194 ; origin of 
oolitic, 177, 187, 192; search of, for 
fossils, 852 

Irtisch, River, affected l)y earth’s rotation, 23 
'Isadrmi^ 1086, 1114* 

Ischa(llte\% 937 

Ischia, island, 278 

Ischnaca jithits, 1006 

Ischyodus, 1142, 1192 

Ischyromys, 1249, 1260 

Iscnlites, 1107 

Isectolophus, 1243 

Islands, floating, 492, 606 

Isobases (lines of equal deformation), 386 

Isocardta, 1116, 1169, 1267 

IsocMUna, 941, 1006 

Isoclinal folding, 678 

Isocrimts, 1133 

Isogeotherms, 61, 62, 393, 395, 396, '399, 
412 

Isopods, fossil, 1120 
Isostasy, 397, 1366 
Isotelus, 952 
Isotropic minerals, 125 
Isthinia, 1293 
Isurichthys^ 1258 
Itacolumite, 249 

Italy, geological map of, 9 ; volcanic action 
in Central, 278, 281, 332 ; crater lakes of 


Central, 324 ; earthquakes in, 359, 362, 
365 ; changes of lev^el in, 382, 388 ; bloo<l 
rain in, 444 ; advance of coasts of, 516, 
517 ; lakes of, 518, 521 ; petrographical 
province in, 707 

Italy, Cambrian system in, 929 ; Silurian, 
977; Carboniferous, 1055 ; Permian, 1075,. 
1076 ; Trias, 1099, 1105 ; Jurassic, 1156 ; 
Cretaceous, 1206 ; Eocene, 1240 ; Oligo- 
cene, 1259 ; Miocene, 1271 ; Pliocene, 
1291 ; Pleistocene, 1338, 1345. See ahi> 
mider Etna, Ischia, Lipari Islands, Phle- 
grseaii Fields, Vesuvius 
Ivy, fossil, 1165, 1209 
Izalco, birth and growth of volcano of, 277, 
279 

Jackson Beds (Eocene), 1242 
Jade, 252 

Jakiitian Stage, 1106 

Jamaica, geological map of, 11 ; earthquake 
in, 364* ; upraised coral-reefs of, 382 
Janassa, 1049 
Jcmira, 1194, 1292 
Jan Mayen, 341, 347 

Japan, geological map of, 10 ; geological 
literature of, 283 ; graphite schist of, 
250 ; position of volcanoes in, 279 ; sea- 
sonal variation of volcanic energy in, 
283, 284 ; volcanic eruptions in, 291, 292, 
294 ; linear trend of volcanoes of, 341, 347 ; 
earthquakes of, 360, 361, 362, 363, 364, 
365, 366, 368, 370, 371, 372, 374, 375, 
376 ; warjung of land in, 380 ; upheaval 
in, 382 

Pre- Cambrian rocks in, 906; Trias 

of, 1107 ; Jurassic, 1160 ; Cretaceous, 
1209 ; Eocene, 1239 
Japonite.Sj 1107 
Jasper, 167 

Java, zone of invariable temperature in, 61 ; 
volcanic phenomena of, 271, 27S, 312 ; 
“valley of death ” in, 314 ; linear direction 
of volcanoes in, 341, 347 
Jaws, lower, not infrequent as fossils, 826 
Jerboa, fossil, 1352 
Jet, 1132 
Joannites, 1107 

John Day Group (Miocene), 1273 
Jointed structure, 136 

Joints, 423 ; experimental imitation of, 423 ; 
afford channels for imdergrouiid water, 
466 ; importance of, in the erosion of 
gorges, 500 ; give rise to vertical sea- 
cliffs, 572* ; sometimes iDroduce over- 
hanging cliffs, 573*; in stratified rocks, 
636, 659, 1378* ; detailed account of, 
658* ; Daiibree’s classification of, 658 ; 
dip- and strike-, 660 ; in recent coral-rock 
and lacustrine clays, 661 ; origin of, 
661 ; in igneous rocks, 662, 1379 ; in 
schistose rocks, 664 ; infiiience of, in 
scenery, 1379, 1381, 1384 
Jolly’s spring-balance, 114 
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Jorullo, 308 
Jovellauia, 940 
Jovites, 1107 
Juglandites, 1235 
Juglans, 1164^, 1252, 1262 
Julian Group, 1106 
Jmiiperus, 1165 

Jura Mountains, sections across, 1368, 1369 
Jura, White or Malm, 1153, 1154 ; Brown 
or Dogger, 1154 ; Black or Lias, 1154 
Jurassic system, metamor^Dhism of parts of, 
784, 803, 804 ; account of, 1111 ; flora of, 
1111 ; fauna of, 1113 ; geograpliical distri- 
bution of, 1128 ; in Europe, 1128, 1131 ; 

. in Britain, 1131-1147 ; in France and the 
Jura, 1147 ; in Germany, 1153 ; in the 
Alps, 1155 ; in tlie Mediterranean basin, 
1156 ; in Bussia, 1157 ; in Sweden, 1158 ; 
in the Arctic regions, 1158 ; in America, 
1130, 1159 ; in Asia, 1130, 1159 ; in 
Africa, 1161 ; in Australasia, 1161 
Juvavian Stage, 1101, 1106 
Juvavites, 1107 

Kachuga^ 1297 

Kainite, 190 

Kalksilicatlioriifels, 251 

Karnes, 1323, 1330 

Kam2)ecaTifi, 1003, 1010 

Kangaroo, fossil, 1299 

Kaolin, 98, 104, 147, 167, 168, 452, 455 

Kaolinisation, 104, 812, 818 

Kaolinite, 105 

Karharbari Group, 1079 

Karoo Series (Africa), 1079, 1090, 1109 

Karrenfekler, 454 

Kasauli Group, 1241 

Katoforite, 221 

Katrol Group (India), 1160 

Kayserella, 986 

Kayseria, 986 

Keivsley Limestone, 950 

Kekenodooi, 1261 

Kellaways rock, 1131, 1142 

Kentallenite, 217 

Keokuk Group, 1061, 1062 • 

Kepplerites, 1119, 1142 

Kepplerites calloviensis. Zone of, 1142 

Keratapeton, 1033 

Keratophyre, 219, 220 

Kerosene-shale, 185 

Kersantite, 219, 224, 225 

Keuper (Trias), 1091, 1096 

Kew'eenawan, 904 

Kieselguhr, 179 

Kieselschiefer, 167, 249 

Kieserite, 190, 1074 

Kilauea. See Hawaii 

Kilimanjaro, 905 

Killas, 209 

Kiltorcan Beds, 1012 

Kirneridgian, 1131, 1145, 1148, 1153, 1155 
1156, 1157 

Kinderhook Group, 1062 


Kmgena, 1168 
Kinzigite, 253 
Kionoceras, 940, 986 
Kirkby Moor Flags, 964 
Kirkbya, 1023 
Kirthar Group, 1241 
Kites, fossil, 1254 

Kjokken-moddiiiger or refuse heaps, 1360 
Klein’s solution, 115 
Kloedinia, 941, 985 
Xnorria, 1012, 1035, 1077 
Knotted schist (Kiiotenschiefer), 248, 773. 
779, 781 

Kolilenkenper, 1096 
Kon inckdl a, 1116 
Konin ekina, 1103 
Konin ckociilaris, 1021 
Kossen Beds, 1101, 1104 
Krakatoa, eruption of, 290, 293, 295, 369,. 
445 

Krypton in air, 36 
Kugeldiorit, 133*, 224 
Kiilaite, 237 

Kupferschiefer, 1064, 1068, 1072 
Kurile islands, 279, 336 
Kutorgina^ 915, 950 

Kyanite, 103 ; in contact-metamorphism.. 
773, 797 

Ky unite-rock, 253 

Labradorite, 99 
Labrador- porphyry, 233 
Labrador-rock, 232 
Luhrax, 1255 

Labyrinth odonts, 1033, 1068, 1089, 1090v 
1094, 1107 ; disappearance of, 1122 
Laccolites, 723, 736* 

Laccopiteris, 1085, 1112*, 1198 
Lacian Group, 1106 
Laomia, 1282 
Lacustrine Limestone, 177 
Ladinian Stage, 1106 
Laekenian, 1234, 1237 
Laekqys, 1176 

Lafayette Group (Pliocene), 1298 
Lagcna, 937, 1020, 1166 
La.gomy.% 1352 

Lagoons, 510, 581, 1015, 1025 
Lagrange Beds, 1298 
“ Lake Agassiz,” 385, 524, 1343 
Lake Balaton, 518 
“ Lake Bonneville,” 524, 526, 1343 
Lake Champlain, marine terraces around, 
1345 

Lake Elton, 529, 530 

Lake Erie, area of, 1343 

Lake Huron, deformation of land at, 387 ; 

area of, 1343 
Lake Indertscli, 529 
“ Lake Lahontan,” 524, 527, 531, 1343 
Lake Michigan, deformation of land around, 
387 ; sand dunes of, 443 ; area of, 1343 
Lake Ontario, area of, 1343 ; marine terraces 
of, 1345 
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Lake Superior, area of, 1343 ; old terraces 
of, 1345 

Lake-ihvellings, 1360 
Lake-marl, 177, 524 
Lake-ores, 186, 187, 524, 612, 812 
Lake-terraces, 525, 526 
Lakes, four causes of, 1385 ; formed l)y lava- 
streams, 308 ; due to volcanic explosions, 
324; caused by earthquakes, 372, 374, 
375, 377 ; "waters of, sensitive to earth- 
quakes, 374 ; dilferenee of water-level in, 
caused by attraction of mountains, 378 ; 
deforiiKition of basins of, 386, 387 ; 
shallow, eroded by wind, 457, 519, 604 ; 
sand-dunes of, 443 ; wave action in, 446 ; 
level of, affected by wind, 446 ; due to 
subsidence arising from subterranean solu- 
tion of rock, 477, 519 ; caused by irregular 
decay of superficial rock, 458 ; filter rivers, 
498, 510, 522 ;, river deltas in, 509 ; are 
exceptional in general circulation of water 
over land, 518 ; of fresh water, 519 ; 
abundant in northern part of northern 
heiuisphere, 519, 1323, 1386 ; various 
types of, 519 ; formed by deformation of 
land -surface, 519 ; caused by landslips 
and moraines, 520, 556 ; seiches in, 520 ; 
distribution of temperature in, 520 ; geo- 
logical functions of, 521 ; equalise climate, 
521 ; sedimentary deposits of, 522 ; waves 
and shingle of, 523* ; chemical deposits 
of, 524, 529 ; special fauna and flora of, 
524 ; due to former ice-dams, 524, 543, 
13*21, 1332, 1343 ; are of comparatively 
recent origin, 525 ; effacemeiit of, 525 ; 
terraces of, 525, 526*; salt, 190, 525; 
Intter, 525 ; frozen, 532 ; due to glacial 
erosion, 552, 1324, 1386 ; deepening of 
some shallow, by wallowing animals, 601 ; 
})resei'vation of remains of terrestrial faunas 
and floras in deposits of, 826 ; proofs of 
former existence of, 833 ; sometimes due 
to irregularities in the surface of drift, 
1334, 1385 ; summary of causes that have 
formed, 1385 ; late origin of existing, 
1386 

Lakhinina, 933 

Laki, fissure eruption of, 342* 

Lcanhilothevinm^ 1243 

Laiiiellibraiichs,«fossil, 914*, 915, 940, 1021*, 
1022, 1066, 1088, 1116*, 1169* ; become 
predominant mollusks in Triassic time, 
1088 ; great increase of, in the Jurassic 
period, 1116 
Lamiiije, 634, 860 

Lamination, 136, 636 ; contorted, among 
regular strata, 637 

Lamna, 1173, 1226*, 1255, 1269, 1289 
Lamnodus, 987 
Lamprophyre, 219, 220 
Lanarkia, 942 

Laud, traces of tlie most ancient, 21 ; area 
of, on globe, 47 ; average height of, 48, i 
49 ; greatest height and deepest hollow ' 


on, 49 ; contours or relief of, 50 ; coast- 
lines of, 54 ; surfaces of, wliy rare among 
geological formations, 388 ; indications of 
former greater elevation of, 391, 1302 ; 
preservation of remains of flora and fauna 
of, 826, 832 ; surfaces of, recorded Ijy 
fossils, 833, 987, 1006, 1073, 1093, 1303 ; 
chietiy formed of marine sediments, 1364 ; 
owes its existence to displacement, 1364 
Landenian, 1234, 1236 
Landscape-marble, 649 
Landslips, caused by earthquakes, 372, 480 ; 
from action of underground water, 480 ; 
varieties of, 480 ; intliieiice of, on rivers, 
493 

Langhian Stage, 1267, 1270, 1*271 

Laodon, 1159 

Lao;ptcnjx, 1127 

LaorniSy 1179 

Laosaurus, 1159 

Laotira^ 912 

Lapilli, 172, 273 

Lapworthura, 939 

Laramie (Ligiiitic) Formation, 1214, 1244 

Larch, fossil, 1338 

Laribs., 1254 

Lasanius, 942 

Lasiogmptus, 938 

Lastroia^ 1245, 1251 

Laterite, 169, 457 

Laterisatiou, 169 

Latiaii volcanoes, first eruptions of, in Plio- 
cene lime, 1292 
Latite, 2*28 

Laurdalite, 221, 223, 707 
Laurel, fossil, 1165, 1204, 1276 
Laureutian rocks, 868, 876, 878, 882, 902, 
903, 904 ,, 

La nrophyllum^ 1165 

Lauras, 1206, 1230, 1247, 1262, 1292 

Laurvikite, 217, 707 

Lava, definition of, 272 ; general characters 
of, 272 ; not always emitted in an erup- 
tion, 285, 291 ; hydrostatic })ressure of, 
286, 296 ; varying viscosity of, in relation 
to force of explosions, 294 ; outflow of, 
296 ; large subterranean reservoirs of, 
298 ; form of surface of, 299 ; rate of 
flow of, 300 ; tunnels in, 300, 307 ; size 
of streams of, 300 ; varying liquidity of, 
301 ; clinkers of, 302 ; crystallisation 
of, 302 ; temperature of, 304 ; inclina- 
tion and thickness of streams of, 305 ; 
structure of streams of, 306 ; vapours and 
sublimations of, 307 ; slow cooling of, 
307, 310 ; effects of, on superficial waters 
and topography, 308 ; weathering of, 
310 ; cones or domes of, 328 ; submarine, 
339, 341 ; sandstone dykes in, 665* ; in- 
tercalated in geological formations, 753, 
759, 761, 880, 910, 935, 982, 1001, 1008, 
1041, 1043, 1064, 1252; ancient sub- 
marine, 756* ; ancient subaerial, 758* 
Lava- cones, 328 
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Lmia, 1024, 1031 

Lecctnile^, 1089 

LeinjUiOcriniis, 9S4 

Leda [N)U'}tht)i(.t), 940, 1231, 1310 

“ Leda (Yoldia) Myalls Bed,” 1281, 12SS 

Lederscliiefer (Silurian), 975 

‘“Leeseite” in glaciation, 1304 

Leg no nutits, 1094 

LeiodoiL, 1175, 1246 

Leniining in Glacial Period, 1315 ; in the 
Pakeozoic fauna, 1354 

‘'Leinuria,” a supposed former terrestrial 
area, 390 

Leinuroid.s, fossil forms of, 1227, 1229 
1237, 1243, 1255 

Leiiham Beds (Pliocene), 12S1, 1282 
Lenita^ 1237 

Leopard in Glacial Period, 1317 ; in Palceo- 
lithic time, 1353 
Lepadocvin'us, 938, 957 
Leperditella^ 941 

Leperditkf, 940, 941, 985, 1023, 1031 

Lepetopsis, 940 

Lepldastet\ 939 

Le2ddoce)itrns, 984 

Lfp id ocidaris, 1 02 1 

Lepiducoleus, 941 

Lepidodendra as characteristic fossils, S37 ; 
earliest traces of, 930 ; Carboniferous de- 
velopment of, 1028 

Leprklodemh'on, 991, 1002, 1026, 1028, 
1029^ 1066, 1085 
Lepidolite, 100 
Le 2 }idophloio.% 1028 
Leindoidiylhm, 1035 
Leindoptens^ 1085 
Lepidiqyiis, 1258 
LepMostfohuSj 1028, 1029‘'’' 

Lep idutosaurus^ 1071 

Lepidotus, 1089, 1122, 1173 

Le2yTcdia, 1277 

Le2)tLtcemthermm.. 1249 

Leptmm, 933, 939, 986, 1022, 1078, 1136 

Lepta tic.henia, 1 24.9 

Leptella, 915 

Leptinolite, 7 SO 

Le2)tnhos^ 1297 

Leptochlorites, 105 

Leptoclases, 658 

Le2)tudesina, 986 

Leptodun, 1278, 1295 

LeptogrcqdAis, 938 

Le2dAdepis^ 1122, 1144 

Leptojddeirui, 1002 

Lepto 2 )tilu,% 1297 

Leptoreodoiq 1243 

Leptynite, 258 

Lepun, 1293, 1297 

Lettenkohle, 1096 

Leucite, 100, 147, 237 ; artificial production 
of, 404, 413 
Leucite-basalt, 237 
Leucite-basaiiite, 237 
Leucite-plioiiolite, 227 
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Leucdte-tephrite, 237, 239 ; artiheial pro- 
duction of, 404 
Leiicite-tracliyte, 228 
Leueoxene, 97, 147, 791 
Levantine Stage, 1294 
Level-course in mining, 671 
Lewisian giieis.s, 882, 883 ; dykes of saud- 
stone in, 665'*' ; stratigrapliical position 
of, 793* ; early deformation of, 794 
Lberzolite, 241, 243 ; inetamorphisni bv, 
784 

Lias, sections at l)ase of, 649*, 652*. 1094 : 
inetamorphisni of, 784, S03 ; aecoLiiit of, 
1131, 1132, 1151, 1155, 1156, 1158, 
1159, 1160, 1161 
Lihelhda, 1133 
Lihocedrus, 1257, 1262 
Libuniian Stage, 1240 
LichapijgL\ 922 
Lickas, 941, 9S5 
Lichenoides, 912 
Lichens, solvent action of, 598 
Life, organic, as a geological factor, 597 
Ligerieu, 1196, 1200 

Light, polarised, in petrograpliical research, 
125 

Lightning, geological action of, 432 
Lignilites, 420 
Lignite, 182, 184 
Ligurian Stage, 1258 

Lima, 1078, 1096, 1116, 1117*', 1169, 
1232, 1261 
Liiiiax, 1287, 1352 
Limburgite, 240, 243 
Lime, proportion of, in earth’s crust, 87 

carbonate of. See Calcium carljouate 

phosphate of. See Calcium phosphate 

sulphate of. See Calcium sulphate 

Lime-silicate rocks, 251 • 

Limestone, crushing strength of, 71 ; im- 
purities of, shown on weathered surfaces, 
110, 454 ; crystalline structure of, due to 
infiltration of calcite, 156, 176, 178, 474, 
617, 624; of organic origin, 176, 525 ; of 
chemical origin, 190 ; hydraulic, 190 ; 
fetid, 191 ; crystalline, 250 ; heat evolved 
by, ill crushing, 401 ; experiments in 
crystallisation of, 402 ; experiments in 
deformation of, 421 ; conversion of, into 
dolomite, 426 ; formed by percolating 
rain-water through calcareous sand, 444 ; 
solubility of, in carbonated water, 451 ; 
rate of waste of, 452 ; weathering of, 454 ; 
fresh-water, 525, 605, 611 ; sometimes 
formed of calcareous silt which has been 
triturated by worms, 601 ; formed by 
sliell-lianks, 613 ; formed by corals, 615 ; 
distribution of, 615 ; consolidation of, 
comparatively ra])i<l, 624 ; commonly 
associated with shale, 650 ; persistence 
of, 651 ; joints in recent coral-, 660 ; 
alteration of, into mari.de, 772 ; search of, 
for fossils, 852 ; lenticular character of 
Palteozoic, 956 

3 B 
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Llmiuea, 1214, 1238, 1250, 1270, 1284, 
1333, 1352 
Liinnerpeton, 1068 

Limonite, 96, 169, 186, 187, 194, 612 
Limopsis, 1088, 1232, 1261, 1267, 1283 
Limpet, earliest forms of, 915, 940 
Linclostrosmella, 9 85 
Zl adostmm iUy 955 

Lmgida. 939, 948'', 962*, 985, 1022, 1031, 
1071, 1096, 1136, 1183, 1283 
Lingula Flags, 921 
Lingulella, 914*, 915, 921, 945 
Lingidepis^ 915 
Lingidina, 1057 
Lifigidocarlti, 915 
Liiinarssonia, 915, 950 
Linum, 1257 
LiocarcUim, 1244 
Ltoceras, 1138*, 1139 
Lioceras opaliniim, Zone of, 1138, 1139 
Lion, in Glacial Period, 1317, 1336 ; in 
Palaeolithic time, 1353 ; in Neolithic 
time, 1358 
Liastracus, 915 

Lipari Islands, volcanic literature of, 276 ; 
petrographical sequence in eruptions at, 
350. See Stroniholi, Vulcano, Vulcanello 
Liparite, 210 ; forms domes, 329 ; artifici- 
ally formed, 406 
Liparoceras, 1133 
Liparoceras Henley i, Zone of, 1133 
Liquid vesicles in rocks, 143, 144* 
Liqiddamhar, 1231, 1262*, 1276, 1292 
Liriodentlron^ 1230 
Lithia-niica, 100 
Lithionite, 101 

Lithium, proportion of, in outer part of 
earth, 83 ; combinations of, 87 
Lithocanlinm , 1237 
Lithoclases, 658 
Lithoid, 128 

Lithological characters as a basis of strati- 
graphical classification, 656 
Lithology, 82, 140 
Litliophyse, 132, 211, 718 
Lithornis, 1226 

Lithosphere, characters of the, 47, 82; 

deformation of, 374, 380, 381, 386, 387 
LUhosirotlon, 1017*, 1021 
Lithothamniiim, 1201, 1258 
Liiopterwi, 1273 

Lit-par-lit permeation by granite, 728, 780, 
781 

Littorbia, 1153, 1286, 1333 
Littoriiia Period or Group, 1333 ; migrations 
of plants in, 1361 
Liiuites, 920, 940, 962* 

Livingstone Formation, 1214 
Lizards, fossil, 1271 
Llaiideilo Group, 945, 946 
Llandovery Group, 945, 953 
“ Llanviru Group,” 946 
Loam, 168, 460 
LoMtes, 1089 


Lodes. See Mineral veins 

Loess, 169 ; character and distribution of, 

439, 1351 ; theories regarding origin of, 

440, 460, 1352 ; place of, among Palajo- 
lithic deposits, 1351 ; fauna found fossil 
in, 1352 ; alleged human remains from, in 
Kansas, 1361 

Loganog mptus^ 932, 946 
LomatopteHs, 1133 
Lonar Lake, 325 
Loncho2yteris, 1035, 1085 
Londiiiian or Ypresian, 1234, 1235 
London Clay, 1229, 1231 
Longmyndian, 896 
Longobardian Group, 1106 
Longulites, 148 
Lonsdaleia, 1021 
Lophiodon, 1227, 1234, 1255 
LophiouieryXj 1249 
Lophiostonius^ 1192 
Loranthus^ 1246 
Loriolaster, 984 
Lossmanchen, 439 
Lotorium, 1282 
Loup Fork Beds, 1273 
Lovenia^ 1245 
Low-water mark, 557 
Loxoceras, 940, 986 
Loxodon, 1297 

Loxolophod.an ( Ulntatherinm), 1229 
Loxom'ina, 1033 

Loxo'nema, 959, 986, 1023, i078 
Lucerne, Lake of, 510 

Liidna, 1078, 1183, 1209, 1225*, 1253, 
1267, 1277 

Ludian (Eocene), 1234, 1237 
Ludlow Group, 945, 953, 959 
Lad wig ia, 1138*, 1139 
Ludwigia Murchisonse, Zone of, 1138, 
1139 

Luidia, 1133 
Lumachelle, 177 
Lustre of rocks, 139 
Lustre-mottling, 139 
Lutetian, 1234, 1236 
Lutm, 1254, 1285, 1287, 1297 
Li/chmis, 1202 
Li/cophris, 1267 

Lycopods, some coal mostly formed of, 
183* ; fossil, S37, 936, 991, 1002, 1026, 
1028, 1029* 

Lycosaurus, 1090 

Lycyfena, 1296 

Lydian stone, 167, 172, 249 

Lydite, 167 

Lygin odendro/u 1035 

Liy/odiiim, 1165, 1224 

Lynton group, 989 

Lynx in Glacial Period, 1317 ; in Palaeolithic 
time, 1353 
Xym, 1168 
Lyria, 1232; 1257 
Lyriocrinus, 938 
1 Lyrodesma, 940 
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Lytoceras, 1100, 1119, 1133, 1136^ 1138'=', 
1139 

Lytoceras jiirense, Zone of, 1133 
Lytolo'uia^ 1231 
Lyttonia, 1022, 1078 

Macacus, 1293, 1297 
Maccalubas, 318 
Mach wracanihus, 988 

Maclmrotlm, 1263, 1278, 1287, 1294, 1296*, 
1297 

Mackerels, fossil, 1258 
Maclurea, 915, 940 

Macoma {Tcllina), 1284, 1299, 1316, 1330* 
MacTOcejphalLtcs, 1138* 

Macrocephalites macroceplialus. Zone of, 
1138 

Macrocephalites suh contractus. Zone of, 1138 
Macrocheilus, 940, 986, 992 
M acroch iliu «, 1023 
Macrocypri.% 941 
Macfocy Stella, 912 
Macrodon, 1078 
Macro tiler ion , 1068 
Macromerite, 128 
Macrones, 1298 
Macropetiilichthys, 988 
Macrojjoitia, 1173 
Macropus, 1299 
MacroscapMtes, 1172 
Macroscopic characters of rocks, 109, 127 
Macrosemius, 1147 
Macrostachya, 1012, 1028 
Macro - structural, micro - structural, meta- 
morphism, 765 

Marrnttnmifpteris, 1109, 1133 
Macrotheriiim, 1 263 

Macrura, supposed fossil, 1024 ; Triassic, 
1087 ; Jurassic, 1119 
Mactra, 1215, 1245, 1268, 1277 
Ma.d repot -a, 1242 
Maentwrog Flags, 921 
Maestrichtieii, 1196, 1202 
Mayas, 1168 
Maya.sclla, 1245 
Magdalenian Series, 1349, 1355 
Maydlania., 990 
Magellaiiian Series, 1244 
Mayila, 1119 

Magma, witliin the earth, condition and 
temperature of, 72 ; Durocher’s specula- 
tion as to the distribution of, 88 ; differ- 
entiation in a, 303, 350, 710, 712, 713 ,* 
secpience of ])etrographic types emitted by 
a, 339, 349, 706, 886 ; source of eruptive 
energy in, 353 ; views as to the constitu- 
tion of, 713 ; separation of ores from a, 
808, 810 

Magma-i)asalt, 240 

Magmatic ores, 808 

Magnesia, carbonate of, 107, 176 

Magnesia-inica, 101 

Magnesian limestone, 193 

Limestone (Permian), 1070, 1071 


Magnesium, proportion of, in outer part of 
earth, S3, 87 ; combinations of, 85 
Magnesium-bromide in sea-water, 46 ; in salt 
lakes, 529 

Magnesium -chloride in sea-water, 46; pro- 
motes subsidence of sediment, 492 ; in 
bitter lakes, 529 

Magnesium-sulphate in sea-water, 46 ; in 
solution jiromotes subsidence of mud, 492 
Magnetic iron-ore, 96, 195 ; artificial, 413 

pyrites, 108 

Magnetism of rocks, 115, 140 
Magnetite, 96, 195 

Magnolia, 1165, 1223, 1252, 1263*, 1276 
Malacolite, 102 
Malacolite-rock, 251 
Malaptera, 1149 

Malay Archipelago, 61, 271, 278, 312, 314, 
341, 347 
Malignite, 222 
Mai lotus, 1344 
Malm or White Jura, 1153 
Maltha, 1S6 
Malvern Quartzite, 923 
Mammalia, palse ontological value of, 833, 
1220 ; fossil forms of, 1083, 1091, 1127, 
1128*, 1147, 1179, 1226*, 122S*, 1234, 
1235*, 1248, 1263, 1264*, 1265*, 1273, 
1278*, 1279*, 1295*, 1296*, 1299, 1315*, 
1317*, 1353*, 1354* ; considered as a 
basis for stratigraphical classification, 
1220, 1234, 1243, 1248, 1273, 1290; 
gi’eat advance of, in Tertiary time, 1222, 
1226, 1291 ; effect of Glacial Period on, 
1222 

M at ti mites, 1172 

Mammoth, 1315*, 1316 ; preservation of 
carcases of, in frozen soil, 825, 830, 1339 ; 
climate indicated by, 834 ; in tlie Palaeo- 
lithic fauna, 1350, 1354 ; tusk of, carved 
by cave-men, 1354* ; Age of, 1355 ; ex- 
tinction of, 1856 

Man, limited experience of, in geological 
history, 261 ; influence of, on river dis- 
charge, 485, 516 ; considered as a geo- 
logical agent, 630 ; inffueiice of, on 
climate, 631 ; on flow^ of water, 631 ; on 
surface of the land, 631 ; on the distribu- 
tion of life, 632 ; fossil relics of, 825, 
1348* 1355* ; antiquity of, 1347, 1359 
Mauclihar Group (Sind), 1272 
Manganese, proportion of, in outer part of 
earth, S3 ; oxides of, 84, 97 ; combina- 
tions of, 86 ; precipitation of hydrate of, 
on sea - floor, 580 ; excessively slow 
accninulation of, in ocean abysses, 584 ; 
concretionary forms of, 585 
Many ilia, 1245 

Mangroves, conservative influence of, 603 ; 

swamps of, 609, 1018 
Man is, 1272 
Manticoceras, 994 

Maple, fossil, 1165, 1225, 1276, 1287 
Marble, 192*, 250 ; artificial production of, 
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402 ; experiineiits on defoniiatioii of, 421; 
corrosion of, by rain. 449, 451 
^lareasite. lOS, lb5 : as petrifying medium, 
S:31 

Mareellus Group, 997 
iMare's tail, fossil, 127ti 
JLnrruf, 1237 
iWarnurodite, 100, 254 

12-32, 1201 ^ 

JMro !'• / 1 iu(l iiho , 113-j, 1166 
31ari, 177, 524, 525, 605, 607, 613 
Marl Slate (Permian). 1064, 1068, 1070, 
1071 

Maidstone (Lias), 1132 

IMariue denudation, comparative rate of, 
593 ; iinal result of, 594 ; plain of, 595 
^lui'uipteyis, 1026, 106o 
Marmarosis. 250, 772, 791 
IMarmolite, 105 

Marmots, fossil, 1254, 1278, 1336, 1352 
Marquette Series, 904 

Marsh-gas, or Methane, in rocks, 86, 142, 
1S5 ; at volcanic vents, 26S, 270 ; at mud- 
volcanoes, 31S ; in coal-mines, 427 
Marsh marigold, fossil, 1276 
Mursijjitcriuns, 957 

Marsupials, fossil, 1127, 112S'\ 1179, 1227, 
1234, 1249, 1273, 1299 
1168 

Marsupites testudinarius. Zone of, 1 1S2 
Marten, fossil, 1249, 1287 
Martinki^ 994 

Martinique, volcanic action in, 266, 273, 285 
Massif of mountainous ground, 52 
Ma.ssive eruj^tions, 342 

Ptocks, 195 

structure, 136 

Madotknu 1259, 1263, 1264^1 1278, 1294, 
1295, 1297 

M aatodonsaiirus, 1 OS 9 
Matawan Formation, 1211 
MatonuUum, 1185 
Maueh Chunk Series, 1061 
MauUinu'itSj 1218 
IMauua Loa. *St’d Hawaii 
Maveucian Stage, 1270 
May-flies, fossil, 1003, 1033 
May Hill Sandstone, 954 
Meckleiiburgian Epoch in Glacial Period, 
1313 

l\Iedina Group, 977 

Mediterranean, variations of level of, 43 : 
salinity of, 44 ; submarine eruptions in, 
333 ; earthquake,s of, 368, 376 ; proofs of 
oscillation of level in, 382 ; upheaval in 
basin of, 386 : dust showers or blood rain 
of, 444 ; level of, raised by wind in Bay of 
Naples, 446 ; lagoon barriers of, 513 ; tides 
in, 556 ; depth of wave-action in, 562 ; 
Trias in basin of, 1104 ; Jurassic, 1156 ; 
Cretaceous, 1205 ; Eocene, 1238 ; Oligo- 
cene, 1259 ; Miocene, 1271 ; Pliocene, 
1290 

Mediterranean Stage (Miocene), 1269, 1270 


Jledlkottia, 1067 
Medidlosa, 1066 
Medusjie, fos.sil, 831, 911 
Mednsina, 912 
Medusitcs, 926 
Meekella, lOSO 
Meekia, 1216 
Meekoccro.s, 1089 
Mefjacen:>.% 1334, 1355, 1358 
Jlcyaci/stites, 938 
Meyalantcris, 986 
JMeijalaspi% 968 
Megalaspis-Liniestone, 969 
Meycduster^ 1245 
MegaUchtliys, 1025, 1031 
Megcdodon] 985* 

Megalodiis, 1088 
jMegalojum. 968 
J/tv/rt/ otu/x, 1299 
Megcdogderis, 1002 
Alegcdosayurus^ 1123'''’, 1125, 1173 
Jlegahirtia, 1155 
Mega ph glides, 1089 
Megaphytoa, 1026 

Megascopic characters of rocks, 109, 127 

Megatherium, 1361 

Meionite, 104 

Melamp us, 1282 

Melanatria, 1225* 

Mela, lie rpeton, 1068 

Melania, 1202, 1225*, 1248, 1270, 1292 
Melanite, 222 
Melanoides, 1270 

Melanopsis, 1147, 1185, 1202, 1230, 1250, 
1291 

Melapliyre, 236 
Melbourn Rock, 1191 
Meles, 1293 
Meletta, 1258, 1270 
Melilite, 238 

Melilite-hasalt, 238, 239 
Mellivora, 1297 
Meli ivo rodon, 1297 
Melodon, 1098 
Melocrimts, 938, 984 
Melonechiuu.s, 1021 
Melonites, 1021 

Melting-point, raised Ijy pressure, 58 
Melting of rocks in contact-metamorplusm, 
770 

Mcmbranipora, 1168, 1237, 1277 

Menaccanite, 96 

Menacodon, 1159 

Meneceras, 992 

Menilite, 1238 

Meniscodon, 1237 

Me i L iscoessits, 1180 

Memscothcriurn, 1243 

Menominee series, 904 

Mcretrix, 1226, 1247*, 1263, 1300, 1331 

Mergus, 1297 

Merian opter is, 1085 

Merista, 986 

Meristella, 949, 986 
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Meristhia, 940, 962* 

Merostomata, fossil, 941, 9aS, 1005, 1024 
Mcrychyi (s, 1 *2 7 3 
Merj/cochcerus, 1273 * 

Menjcopotaynus, 1297 
Mesacanthns^ 1004*, 1005 
Mesalia, 1238 
Mesas, 1387 
Mesohlattbia, 1133 
Mesodactyla, 1229 
Mcsoclnn, 1122 
Ifesohippus, 1249, 1273 
Mesolithic, 1349 
Mfisonyx., 1243 

Mcsopithccv^, 127S, 1279*, 1295 
Mesoreodon, 1249 

Mesozoic, definition of term, 861 ; formations, 
1081 

Messinian Stage, 1278, 1291, 1292 
Metaclieinic changes, 765 
Metacrasis, 765 

Metallic salts, precipitation of, 1073 
Metalloids in earth’s crust, S3 
Metamoridiic I'ocks, general characters of, 
158 ; accoiTnt of, 244 

Metamorphism, definition of, and conditions 
determining, 353, 424, 765, 787 ; terms 
applied to various forms of, 765, note; 
of igneous rocks important in study of 
the subject, 766, 785 

of contact, 247, 248, 250, 428, 730, 

766 ; conditions determining, 424, 765, 
766 ; examples of, 167, 172, 250, 255, 
257, 309 (recent lava), 735, 766 *785, 
797 ; succession of mineral zones in, 797 

regional or dynamical, 245, 246, 247, 

251, 429, 785 ; linked with igneous action, 
429 ; conditions required for production 
of, 353, 787 ; mineral transformations 
observed in, 7S9 ; new minerals jn-oduced 
in, 791 ; similarity of mineral sequence in, 
to that in contact -metamorphisni, 791 ; 
examples of, 170, 171, 792, 798, 970, 
976-805 ; summary of idienomena of, 805 ; 
as displayed by the Lewisian gneiss, 883 
Mctxvunjnodon^ 1 24 9 
dUetapiafila, 986 
Metasomatosis, 765 
Metastasis, 765 
Metaxite, 105 

Meteoric water, alteration of rocks by, 156 

Meteorites, 16, 18, 19, 33 

Meteoritic rings, 14, 33 

Metbana, eruption of, 327 

Methane. See Marsh-gas 

Methylosis, 765 

Metis Island, a recent volcano, 335 
Metopias^ 1089 
MeUyptonia, 940 
Metriorhynehns^ 1145 

Mexico, geological map of, 11 ; volcanoes of, 
280 

Mexirnieiix, Pliocene flora of, 1276 
Miaels, 1229, 1243 


Miarolitic structure, 134, 151, 204 
Miaskite, 221 

Mica, lOO, 109, 254 ; ahnndant as a product 
of metamorphism, 428, 773, 790, 792 
Mica-andesite, 229 
Mica-psammite, 165 

Mica-schist (Mica-slate), 245*, 249*, 254, 
259 ; in contact-metamorphisjii, 779, 7S0 
Mica-trap, 219 
Micaceous, 137 

lustre, 100 

Micacisatioii, 790 
Micheluiia, 984, 1021 
Jf ickieitrda, 926 
Jlicraste/', 1167* 

Micraster-s, zones of, 1182, 1192, 1193 
J/icrohada, 1167 
Jf icrobradi 7s-, 1068 
Microchtervs, 1227, 1234 
Microcline, 98 
Microcry.stalline, 128 
Microcrystallitic, 152 
Mie-nxlerueems, 1152 
Nicjxnl iefytui, 1 1 85 
Jfic/'odiscus, 912*, 914, 925 
JEcrodoji, 1122. 1147 
Microfelsitic, 152, 154 
jMicrogranite or quartz-porphyry, 209 
Microgranitic (Microgi'anitoid), 128, 151, 
196, 205, 208 
Microgramilitie, 196 
JI 1091 

Microlites, 89, 142, 148, 149*, 152, 196 ; 
in clay -.slate, 171, 773, 792; artificial 
2 )rodiietion of, 404, 414, formed in con- 
tact- metamorphisni, 770, 772 
Mierolitic structure, 197 ; felt, 22S 
Micromerite, 128 

Micropeginatitic (Mieropegmatoid), 128, 
129*, 132, 151, 152, 196, 206, 211 
Microperthite, 204 
Jficnp/) o/7s', 1090 
Micropoikilitic, 129 
jMicrojxrnr, 1168 
Microscope, petrograpliical, 124 
Microscoi)ic characters of rocks, 110, 140, 
150 

Microsphevulitic, 152*, 153 
Jlicmy/fps, 1229, 1243 
Jlicrofifs, 1285, 1336, 1355 
Microzoa, directions for search for fossil, 
850 

Midford Sands, 1131, 1138 
Milfoil, fossil, 1276 
MdMi, 1236 
MlUerkvln ifs, 1114 
Millerite, 87 
Milli 2 ')edes, fo.ssil, 1032 
Millstone Grit, 1047 
Jlilrns, 1254 
Jlii/iarera.% 986 
Jlhtiosa, 1262 

Minerals, rock-forming, 88 ; essential, 89; 
accessory, 89, 90 ; wide diffusion of heavy, 
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in sediments, 90, 163, 179, 79*2, 891, 
1190, 12S4 ; secondary enlargements of, 
142, 'l62, 166; artiticial production of, 
413 ’ 4*28; formed by contact - nieta- 

niorphism, 772 

Mineral - characters insufficient to fix geo- 
logical chronolog}% 835 
Mineral-springs, 469, 471 
Mineral-tar, 185 

Mineral-veins or lodes, 91, 812 j variations iii 
breadtli of, S13 ; structure and contenj;s 
of, 814 ; successive infilling of, 815 ; 
occurrence of pebbles and fossils at great 
depths in, 816 ; coimectioii of, with faults 
and cross- veins, 816 ; age of, 817 ; rela- 
tion of contents of, to surrounding rocks, 

817 : decomposition and recomposition in, 

818 ’ 

Mineralising agents in the crystallisation of 
rocks, 270, 407, 415, 714, 766, 778, 780, 
784, 80S 

Mines, usual dryness of deep, 810 
Minette, 219, 220 

Miocene, definition of term, 1220 ; forma- 
tions, nietamorpliism of, 804 ; account of, 
1261 ; geographical changes during de- 
position of, in Europe and North America, 
1261 ; volcanic accompaniments of, 126*2, 
1271, 1274 ; flora of, 126*2 ; fauna of, 
1263 ; development of, in France, 1266 ; 
ill Belgium, 1267 ; in Germany, 1267 * 
ill the Vienna l;)asin, 1268 ; in Switzerland, 

1270 ; in Italy, 1271 ; in Greenland, 

1271 ; ill India, 1*272 ; in North America, 

1272 ; in South America, 1273 ; in 
Australasia, 1274 

Miocltvnns^ 1243 
Miodouj 1237 
JMiolahiSj 1273 
Miolania, 1218 

“ Mio-pliocene ” deposits, 1267 
Mississippi Eiver, 484, 486, 492, 495, 502, 
507, 512, 516, 518, 588, 589 
Missouri Eiver, 4S4, 486 
Mitm, 1201, 1226, 1242, 1261, 1*263, 1283 
Mitrodema^ 939 
Mixodectes, 1243 
Mixosmrrus, 1089 

Modiola, 1023, 1116, 1118*, 1169, 1*231, 
1256, 1284 
Modiolaria, 1233 
Modioloides, 915, 940 
Modiolojms^ 922, 947, 962* 

Mofettes, 268, 314 
‘‘ Moine- schist,” 796, 892 
Mojsrarites^ 1107 
Molasse, 1258 

Mole, geological action of, 601 ; first appear- 
ance of, 1249 ; fossil, 1287 
Mollusks, boring habits of, 601* ; protective 
influence of some, 604 ; great value of, as 
fossils, 832 ; some forms less enduring 
than mammals, 833 ; earliest pulmoui- 
feroiis, 1003, 1013, 1033 ; began in 


Carboniferous time to jn-eponderate over 
the brachio])ods, 1022 
Moluccas, volcanoes of the, 277 
Monchiquite, 104, 238 
Monkeys, early forms of, 1227, 1229, 1264, 
1271, 1278, 1295 
Monmouth Formation, 1211 
Mo)iobolina., 945 

Monoclines, 674 ; relation of, to faults and 


ures, 1367 
Jloiiodoiiid.B, 1217 
Monocotyledons, fossil, 1165 
Monogene volcanoes, 3*22, 324 
JSloiiognqdm, 935’% 938, 954 
Monongahela River Series, 1 061 
Monopleiirids, characteristically Cret aceous, 
1170 

1088, 1161 

Monotremes, fossil, 1127, 1179 
Mon tana Formation, 1214 
Monte Niiovo, 276, 279, 290, 326 
Monte Vulture, 332 
il/o iitk'idipo r<(, 937 
Montien, 1196, 1201 
Monti iraltiffi 1086, 1114 
Moiizoni, eruptive rocks and contact-meta- 
morphism of, 217, 774 
Moiizonite, 217 

Moon, density of, 15 ; history of, 31 
Moorband-pan, 187, 476 
Moraine profoiide, 546, 1309, 1331, 1334 
Moraine-stulf, 160, 546 
Moraines, 546, 1321 

terminal (End-moraiues), 1305, 1330, 

1332, 1334, 1341 
Mo/'2)hoccruB, 1150 
M orosavruB, 1126 
Morse, fovssil, 1316 
Morte Slates, 989 
Morto7iicer((s, 1213 
Musasavrus, 1175, 1202 
Mosclms^ 1297 

Moscovian (Carboniferous), 1051 
Moselle, River, 490, 508 

Mosses, accumulations of, 606 ; precipitate 
silica, 609, 610 ; precii)itate lime, 611 
Motacilla^ 1254 

Mountains, definition of hirrn, 50, 1381 ; 
types of, 50 ; exaggerated conccqjtions of 
angle of slo])es of, 5*2 ; colossal siz(* of the 
youngest, 76 ; chains of, as s(iats of (!arth- 
quake movements, 368, 370 ; theory of 
uplift of, owing to rise of isogcoth(;rins, 
393 ; Tertiary ufiheaval of, 1261 ; evi- 
dence of slow uplift of, 1297, 1375 ; types 
of structure of, 1367-1375 ; influence of 
internal structure on external forms of, 
1379, 1384 ; connection of, with hoi- 
springs and volcanoes, 1372 ; stages in 
uplift of, 1372 ; history of, illustrated by 
that of the Alps, 1373 *, conuectioii of, 
with earthquakes, 1374 
Mount Keiiia, 905 
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Mouse, fossil, 1278, 1317 

Mousteriaii Series, 1349 

Mud, 168 

Mud-cones, 32S 

Mud-lava, 271, 311 

‘‘Mud-lumps,” 512, 645 

Mudstone, 169 

Mud-volcaiioes, 317, 328 

Miirmnidae, ancestors of the, 1173 

Murchisonia, 923, 947, 986, 1023, 1066 

Murex, 1187, 1231, 1248, 1263, 1291 

Muriated waters, 472 

3ri(.s, 1287 

Nusa, 1231 

Miisclielkalk, 1097, 1102, 1106 
Muscovite, 100 
Musk-deer, fossil, 1271 
Musk -rat, first appearance of, 1249 ; fossil, 
1317 

Musk-sheep, fossil, 1315, 1358 ; former 
southern migrations of, 1317^*, 1355, 1358 
Nfstela, 1254, 1287, 1295, 1297, 1336 
3[ya, 1256, 1286 
Myalina^ 989, 1023 
^fijlacris, 1033 
3fylar/aulits, 1273 
Myloiiitic structure, 135, 249, 789 
Mylodon, 1361 
IfyliohaMs, 1226, 1251 
Myodes, 1354 
3fyogale^ 1287 
3fyup}uina, 1078, 1088 
3fyi)xus, 1254 

Myriapods, fossil, 943, 965, 1003, 1032, 
1033, 1257 

Myrica, 1164, 1257, 1262, 1292 
Myrkophyllum, 1 1 65 
Myrmm)hius, 1128 
1262 

3lysavacli 1249 
M/striosav n/s, 1122 

J/ytilifs, 1071, 1146, 1185, 1257, 1268, 
1288, 1333 

Nagelfluh, 1258, 1270 
Xafjliujms, 1216 
Nwiadiks, 1023, 1031 
Melinites, 1089 
Mannosu ch-us, 1147 
Manoinys, 1179 
Manosaurus, 1126 
Maosaurus, 1069 
Naphtha, 185, 318 
Naples, upheaval in Bay of, 382 
Naples fauna (Devonian) of New York, 998 
Napoleoiiite, 132*, 133, 224 
Nari Grroiip, 1241 
Nassa, 1245, 1256, 1277 
Matica, 989, 1117, 1119*, 1170, 1226, 1250, 
1269, 1277, 1330* 

Naticella, 1102 
Maticopsis, 1023, 1066 
Natrolite, 104 
Natron -lakes, 525 


Nautilus, 1023*, 1067, 1087*, lOSS, 1136, 
1172*, 1226 

Nehiihe, composition of, IS 
Nebular hypothesis, 14 
Necks, volcanic, 330, 748 ; independent of 
fissures, 279, 750 ; materials filling, 750 : 
proofs of subsidence round edges of, 751 ; 
examples of, 751* ; alteration of rocks 
contiguous to, 753 
Mecrocarinus, 1187 
Mecrogamrnarns, 941 
Mccrolemur, 1237, 1249 
Mectotelson , 1074 
Meithea, 1194 
Nekton, 827 
Xehiinhiuvi, 1223 
Memacctnthus, 1094 
Xemagraptics, 978 
Xevutlopihycns, 936 
Xenudc) ply chi m, 1 032 
Neintdum, 1287 
Xmiopieryx, 1258 
Xeohohus, 933 

Neocomiaii, 1182, 1183, 1196, 1197, 1204, 
1205, 1206, 1207, 1210 
Neogeiie, 1221, 1259 
Xeolimidifs, 965 

Neolithic Series, 1347, 1355 ; fauna of, 1356 ; 
<lomesticated animals and cereals in, 1356 ; 
character of races of men whose relics are 
found in, 1357 
Xf’oiobites, 1206 
Neon in air, 36 
Xeoplagia.uhix, 1243 
Neosho formation, 1080 
Neo-volcaiiic rocks of Rosenluiseh, 198 
Neozoic formations, 861, 1220 
Nepheline, 100, 117, 144, 220, 237 ; arti- 
ficial production of, 404, 413 
Nepheline - basalt, 237, 239 ; artilicially 
formed, 406 
Nephel iue-basanite, 237 
Nepheline-syenite, 220 
Nepheline-tephrite, 237 
Nephel in ite, 237 
Nephrite, 252 
Nephrot'us, 1089 

Neptunea, 1277, 1280*, 1286*, 1333 
Neptunists, 409, 864 
X err lies, 927, 939 
Xerlnira, 1117 
Merita, 1119* 

XerUuia, 1215, 1230, 1250 
Xeritodouta, 1292 
Xesenretifs, 922 
XesitJda, 1297 

Neiideckian Epoch in Glacial Period, 1313 
Xeuvuiyria, 1 1 tiO 
XenTopterkliinit, 1085 

Xearopteris, 1002, 1026, 1027*, 1073, 1103 
Xeastkosaa.rus, 1 089 
Neiivizyaii Sub-stage, 1150 
Nevadite, 210 
Neve, 189, 535 
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x> rjtiO 
Xe’A'tirk series. 1110, 1159 
Xewt'oiinillaiiil, g-eological maps of, 10 ; 
ele\'atioii of coast of, elSl ; }»re.-Caiubriaii 
rocks iii, 907 : Cainliriaii, 9o0 
Xew Helirides. 336 

Xew Red Sauilstoiie and Marl, 10S4, 1091 
New Soiitli Wales, geological map of, 11 ; 
pre - Caml iriau rocks in, 907 ; SUinl^iu-. 
9S0 ; Devonian, 999 ; Carboniferous, 1059 ; 
Trias, 1108 ; Eocene, 1^45 : later Tertiary 
formations, 1*299 ; ossiferous caverns of, 
DJ (.1 2 . X V’ (/ > Au stral ia 

Xew Zealand, geological map of, 11 ; vol- 
canic eruptions of, 291, 319 ; geysers of, 
315, 317; eartlnjiialves in, 372 ; raised 
lieaclies in, 386 ; glaciers of, 540 

Pre-Cambrian rocks in, 906 ; Silurian, 

9S0; Devonian, 999: Carboiiiferons, 1060; 
Trias. 11 OS; Jurassic, 1161 ; Cretaceous, 
1218 ; Oligocene, 1261 ; supposed former 
connection of, with South America, 1273; 
Miocene, 1274 ; Pliocene, 1300 ; Pleisto- 
cene, 1346 ; former greater size of glaciers 
of, 1346 ; recent furmations in, 1362 
Niagara River, rate of waste of si<les of gorge 
of, 459 ; filtered by Lake Erie, 49S : struc- 
ture and history of gorge of, 500, 503 
Niagara Shale and Limestone, 977 
Nickel, ill meteorites, 16, 87. 93 ; otlier 
occurrences of, S7 : projmrtion of, in outer 
part (.if eartli, 83 
937 

Nile, annual rise of, 4S2 : slope of, 486 ; 
eliloriiie in, 48S ; dissolved mineral 
matter in, 489, 495 ; rate of suhsklenceof 
sediment in, 492 ; “sudd” of, 492 : delta 
of, 514-X '.15, 517 
A57sso/(5/, loS6, 1112, 1*209 
X'ineveh, growtli of dust and soil at, 
438 

922 

N iohirara G rou p, 1215 
1223, 12*24^ 

Sipadites, 1237 
XiptereUa. 911 
X'itrih cation by plants, 599 
Nitrogen, in meteorites, 17; in air, 36; 
j.roportion of, in outer })avt of earth, 83 ; 
in pores of rocks, 1 42 ; at volcanic vents, 
269 ; at iiind-voleanoes, 31S 

1020, 1133, 1212, 124*2 
yCKjffcrotJila, K>7 7 
Eoi(ijt‘nif//f(ipXs^ 1059, 1079 
Nomenclature, petrogi'aphi cal, 157, 195-203 ; 

stratigrapliical, S59, 860 
X\//n isi/i(iO'j 'I's, 1039 
Nordmarkite, 217 

Norfolkian Epocli in Glacial Period, 1313 
Xoric Stage (Trias), 1101, 1102, 1106 
Norite, 232, *241, 903 
Eo/'iit’s, 10S9 

Northampton Sands, 1131, 1139 

North. Sea, a submerged land - surface, 42, 


i 54, 391, 5 SI ; nature of floor of, 5 Si ; 
! foriiierh* filled witli ice, 1305, 1306 
' Norway- See Scandinavia 
Nosean, 103 
Nosean-tracliyte, 227 
Notation, for igneous rocks, 196, 199 
Xoi/nr/'ctiis, 1243 
Xttthociion, 1273 
Xoihosaftrus^ 1098 
SntidannSf 1192 
Eotosnehns, 1218 
Xototheriu'/iu 1245, 1299 
EotoiJij/ris, 1078 
Novaculite, 172 

Novaja Zemlja, uprise of, 3 SO, 387 
Nubian Sandstone, 1207 
Xiideocri n us, 984 
Eudeolites, 1115 
Eudeosj) i ra^ 972 

Eucula, 940, 1022, 1078, lOSS, 1117*, 
1187, 1231, 1247, 1273, 1277, 12S5'' 
Eueulana, 940, 9S7, 102*2, 107S, 1136, 
1209, 1231, 1256, 12S5, 1316 
Niilli pore-sand, 178 

Nullipores, conservative iiiMiience of, 603 ; 

form limestone, 005 
Nuineaite, 105 

Nunmiulites, characteristic of older Tertiary 
formations, S37 

Eimrmdiies, 1223, 1224*, 1*225, 1247, 
1*258 

Nnnimulitic Idmestone, 12*23, 1*224*, 1239, 
1240 

Euthefes, 1147 
Eyraukc, 106S 
Epssa, 1231, 1252 
Epstia, 1253 

Oak. See Qnercus 
Oaniaru Formation, 1246 
Obermittweida conglomerate, 900 
Oholella, 913*, 915, 945 
Oholm, 915 

Ob.sidian, gradation from, into basalt, 137 ; 
characters of, 213 ; minor liquidity of, 
299, 300, 303 ; solfataric deconipositiou 
of, 314 
OcmUa, 1251 

Oceans, area of the, 38 ; greatest known 
depth of, 41 ; level of surface of, 
42 ; composition of water of, 43 ; 
}irobable antiquity of basins of, 47, 397, 
586, 829, 1365 ; wide diffii.sion of piuinice 
over, 339, 577, 582 ; earthquakes ])ro- 
pagated from marginal abysses of, 368, 
370; seismic effects on floor of, 376; 
effect of sid3sideiice of floor of, 378 ; 
currents of, due to winds, 446 ; movements 
of, 556 ; tides of, 556 ; temperature distril.u- 
tioniu, 558 ; nature of hottom of, 559; 
theories as to circulation of, 560 ; geo- 
logical work of, 565 ; transport of sedi- 
ment in, 575 ; clieiuical deposits in, 579 ; 
mechanical deposits in, 580 ; abysmal 
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deposits of, 5S5, 623, 624 ; coral-reefs 
of, 614 ; area of lioor of, covered by 
globigerina-ooze, 624 ; origin of basins of, 
1366 

Ocean-currents, deflected l)y rotation, 22 
Oceanic islands, mostly volcanic in origin, 
335, 347 
Ochdocera,% 1149 
Oclire, 96, 472, 476 
Oduntafijyis, 1207, 1226% 1255 
(klontix'anlis, 936 
Od<mtnrJiil(\ 9 So 
0(l<r/if()pteri% 1026, 1065 
( klon topicrjp', 1 226 
Odontornitlies or tootlieil birds, 1179 
Odonfoscmnis, 109S 
(Ekotraudes, 1143 
CEningen Stage, 1270 
0(/ijrjia, 940, 941* 

Oil-shale, 184 

OlcosfrjJanus, 1119, 1144, 1182 
Olcostephanns gigas, Zone of, 1144 
Oldbury Shales, 923 
Oldham ia, 905, 911, 913*- 
Oldhamla, (l)raclnopod), 1078 
Oldhaven Beds, 1229, 1230 
Old Red Sandstone, volcanic plienoniena in, 
348, 1001, 1008, 1010, lOll* ; alternation 
of l)asic and acid eruptions in, 712 ; saiid- 
stone-veiiis in lavas of, 759* ; andesite 
plateaux of, 763 ; equivalent in time to 
Devonian, 981 ; description of, 999 ; 
formed in inland lakes or seas, 1000 ; 
rocks of, 1000 ; organic remains in, 1001 ; 
in Britain, 1006 
Olea, 1242 

()lmndridium, 1107, 1203 
Olendloidfs, 915 
Ohmdlns, 911% 914, 915 
Olrudlas-zoua, 793% 803, 877, SSI, 883, 
890, 905, 907, 915, 920, 925, 926 
Oleiiidian, or Upper Cambrian, 915 
Olcnuldcs, 915 
Ole7ias, 912% 914, 921 
Oligocene, definition of term, 1220 ; forma- 
tions, account of, 1246 ; flora of, 1246 ; 
fauna of, 1247 ; in Europe, 1246, 1249- 
1259 ; in Britain, 1249 ; in France, 1252 ; 
in Belgium, 1255 ; in Germany, 1256 ; in 
Switzerland, 1257 ; in Portugal, 1258; in 
the Vienna basin, 1259 ; in Italy, 1259 ; 
in Faroe Islands and Iceland, 1260 ; in 
North America, 1249, 1259 ; in Austral- 
asia, 1259 ; volcanic accompaniments of, 
1252, 1258, 1259, 1260, 1261 
Oligoclase, 99 
Olujodon, 1066 
0//W, 1170, 1267, 1298 
Olivine, 102, 242% 475 ; artificial produc- 
tion of, 405, 413 
Olivine-rock, 240, 253 
Omoniys, 1243 
Omosaurus, 1144 
Omphacite, 102 


Om phaldphloiosy 1028 
Oynphaloti'odru,% 956, 962* 

Onphyma^ 937, 958* 

Oiichus, 942 
Oncoceras, 940 
Oneida Conglomerate, 977 
Onondago Limestone, 997 
Oaychiopsiti, 1198 
Oiiydioctdla^ 1168 
Onijd) odedes^ 1243 
Oiiychodits^ 987, 1013 
Onyx-marble. 191 
Ooce/ras, 940 
Oolite, 191 

Oolitic Formations (Jurassic), 1111, 1131 

structure, 136, 177, 187, 191, 192% 

617 

Ooze, 177, 178% 610% 623 
Opacite, 157 
Opal, 89, 95 
Ophicalcite, 251 
Ojdddrtpdotiy 1033, 1068 

Idi ( icei'aSy 9 6 2 * 

Ojthi/day 915, 945 
Opli ioccpliahis, 1298 
Gphlocems, 1151 
OphiodoceraSy 9 40 
()phioj)sis, 1198 

Ophite, 153, 233 ; metamorphism l)y, 7S4 
Ophitic structure, 151, 152*, 196 ; artificial 
production of, 406 
Ophinra, 984, 1133 
OpJiiurinay 984 
Ophiuroids, fossil, 939, 984 
OpJi th (d m osaa rus, 1145 
Oppdia, 1119, 1138 
Oppelia discus, Zone of, 1138 
OplsthimiyrMiiy 1258 

Opossums, fossil, 1227, 1234, 1249, 1254, 
1271 

Orucddod, 1179 
Orhicula, 929 

Orlucular structure, 132*, 133, 725 

Orbkvloidm, 939, 985, 1022, 1031 

Orbit at' the earth, 23 

Orhifoides, 1242, 1258, 1267 

Orbitoitic Group (Eocene), 1242 

OrhUdli/ia, 1166 

(h'hltolUeSy 1237 

Oddlremites, 1022 

Orhidinay 1086 

Ordovician, 917 

OrmSy 1297 

Ore-deposits, 807 ; magmatic, SOS, 810 ; 

formed from solution, S09 
Organic acids as geological agents, 450. 469, 
5 98 ; reducing power of, 598 ; solvent 
power of, 117, 598 

Organic detritus, microscopic characters of, 
155* 

Organic matter, in tlie air, 37 ; in the sea, 
47 ; in rain, 449, 450, 451 ; in spring- 
water, 469 ; in .soil, 469 ; in rivers, 492 
Organic type.s, varying longevity of, 832 
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Organically-formei-l rock^, 159, 175, 443 
Organisms, slow rate of variation of, 74, 77; 
in volcanic ejections, 27G, 827 ; evidence 
from, in proof of upheaval, 381 ; p)<^tri- 
factiou of, 474 ; place of, as geological 
agents, 597 ; conditions for entombment 
of, on land, 825 ; in lakes, peat, and 
deltas, 826 ; in caverns and dei)Osits of 
mineral springs, S27 : in the sea, S27 ; 
causes of rapid destruction of, 828 ; con- 
ditions for preservation of remains of, 
829 ; relative durabilitj’ of, 829 ; relative 
palaeontological value of, S31, 836 ; 

marine, of greatest geological importance, 
831 ; evidence from distorted or dwarfed 
forms of, 834 ; indications of climate from, 
834, 1222, 1224, 1247, 1262, 1275, 1278- 
1280, 1315 ; indicate geological chrono- 
logy, 835 ; evolution or geological order of 
succession of, 835, 845, 934 ; examples of 
ancient migrations of, 858 
Oreodoa, 124^9, 1265, 1273 
Oreodon Beds, 1260 
OreopithecuSy 1264 
Orkkania, 986 
Oriskany Sandstone, 997 
Orn ifh ockemis, 1175 
Oriiithoj)sis, 1144, 1173 
Ornithosaurs, 1123 
Orn ith os ? i chus, 1090 
Orn ith otai'svs, 1176 
Orogeny or mountain-making, 392 
Orohippus, 847, 1243 
Orornetopv.s^ 922 
Orth acanthus, 1025 
Orthaulax, 1272 

Orthis, 914'', 915, 939^ 948", 989, 1022, 
1078 

Orthite, 103 

Orthocercis, 914", 915, 939", 940, 962", 974, 
986, 1023", 1066, 1088 
Orthoceras-Limestone of Scandinavia, 969 
Orthoceratites as characteristic fossils, 837 ; 
earliest types of, 914", 940 ; extinction 
of, 1083 

Orthochlorites, 105 
Orthocidaris, 1168 
Orthoclase, 98 
Orthoclase-rocks, 200 
Orthonota, 940, 962" 

Ortho ph lehia , 1133 
Orthophyre, 218, 220 
Orthoptera, fossil, 943 
Orthorhi/nch ida, 940 
Orthose, 98 

Orthothetes, 955, 990, 1022 
Ortonia, 939, 1022 
Orycterojms, 1296 
Osborne Beds, 1250 
Osin ero ides, 1173 

Osmunda, 1236, 1251, 1276, 1287 
Osteolepfis, 1004", 1005 
Ostia, harbour of, now inland, 517 
Ostracoderms, 942, 1004 


Ostracods, fossil, 915, 941, 985, 1006, 1023, 
1031, 1043, 1087 

Ostrea. 1098, 1116, 1118", 1119", 1169", 
1230, 1247," 1263, 1288 
Ostrich, fossil, 1296 
Otoceras, 1089 
Otodns, 1202 

Otozcunites, 1086, 1112, 1113" 

Otters, fossil, 1254, 1263, 1285, 1287 

Ottrelite, 105 

Ottrelite-slate, 248 

Oudenodon, 1089, 1090 

Outcrop, 669 

Outliers, 1381 

Overlap, 653", 820* 

Overthrust faults, effects of, 641. 793, 885, 
892, 970 ; discussion of, 690 
Ovibos, 1287, 1315, 1355, 1358 
Ovis, 1297 
Ovula, 12S3 
Oiaenictsuchus, 1147 
Owls, fossil, 1254, 1287 
Ox, fossil, 1278 
Oxford Clay, 1143 

Oxfordian Group, 1131, 1142, 1149, 1153, 
1155, 1156, 1157, 1158, 1160 
Oxidation, by rain, 450, 459 ; l)y under- 
ground water, 473 ; by the sea, 566 ; of 
organic acids, 598 
Oxides, 84, 94, 158 
Oxyacodon, 1243 
Oxymna, 1229, 1243 
Oxycenodon, 1243 

Oxygen, supposed al}sence of, from primeval 
atmosphere, 35 ; proportion of, in present 
atmosiDhere, 36, 68 ; t^roportion of, in 
outer part of eartli, 83, 84 ; combinations 
of, 84 ; free at volcanic vents, 268 ; more 
soluble ill rain than nitrogen, 449 ; in 
rain, 450 

OxynoHcercis, 1119, 1133, 1134" 
Oxynoticeras oxynotiim, Zone of, 1133 
Oxyrhina, 1173, 1242, 1255, 1289 
Oxytoma, 1108 
Ozocerite, 185, 186 

Pachymia, 1229, 1243 
Pachycardia, 1088 
Pachycormus, 1137 
Pachyd iscus, 1190 
Pachygonia, 1078, 1107 
Pachymclania, 1215 
Pachyniylus, 1144 
Pachynolophus, 1227, 1234 
P achy pie ura, 1089 
Pcwhypora, 937, 984 
Pachyrhizodus, 1173 
Pachysporangiuvi , 960 
P achy theca, 936, 1009 
Paeiculus, 1273 

Pacific Ocean, oceanography of, 40, 368 ; 
relation of jiosition of, to earth’s internal 
structure, 58 ; submarine eruptions in, 
308, 334, 335, 336, 338 ; chains and 
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groups of volcanic islands in, 277, 335, 
347 ; islands in laisin of, are mainly of 
volcanic origin, 335, 340 ; proofs of up- 
heaval in, 338, 3S2 ; earthquake foci in, 
368, 370, 376 ; supposed widespread sub- 
sidence in, 390 ; dispersal of pumice in, 
577 ; evidence of upheaval in, 621 ; Tri- 
assic system in basin of, 1107, 1108 
PcKjioiiliyllnm, 1133 
Pahoehoe lavas, 299 
Palivacnum., 940 
Palmanodontu, 1 07S 
Pahmrca, 914*, 939*, 94S* 

Pahi.!astei\ 939, 984 
Pahmsterina, 911, 914* 

Palnichinus, 939, 1021 
Palwdajihus, 987 
PaUninackus, 1141 
PahvoUatt hia, 943 
Paheobotany, works on, 7 
Palwomrls, 1023 
Pahvochceras, 1249 
Palteocoina, 939 
Palwoco rystes, 1187 
Palfeocmiirjon, 1024 
Pcdmdlscus, 959 
PahvoerinaceiLS, 1 *254 
Pcdmtfjale, 1249 
Palaeogene, 1221 
Pal mohcUter la., 1069 
Pahrolatjns, 1249 

Palaeolithic Series, 1347, 1349* ; fauna of, 
1353 

Pahmvieryx, 1268, 1297 
PahwimUda^ 1066 
Pahmnidk, 1226, 1229, 1234, 1243 
Pahroniscus, 1025, 1067*, 1068, 1109 
Palaeontological evidence in favour of slow 
geological change, 77 
Paleontology, 4, 7, 824 
Palwonyderis, 1249, 1254 
Palwophi% 1231 
Pahinyliiura, 984 
Paliwphimus, 943, 963*, 1003 
PalwophycAis, 936 
Paheopicrite, 240 
PaUv()2}teris^ 984, 1002, 1036 
Palmoreas, 1278, 1293, 1295 
PabvorliyyichuH, 1 2 5 8 
Pahmrtyx^ 1254 

Palma, ix, 1278, 1291, 1295, 1297 
Palmosaiirus, 1089 
PalmoHcdn c //.v, 1217 
Palmosinajja, 1243 
Palmnsiren, 1068 
Pal mosi/ojps, 1243 
Palmotkerhm, 1227*, 1234 
Palmatr(({/u.s, 1278, 1595 
Paloso-volcanic rocks of Kosenbusch, 198 
Palaeozoic, definition of, 861 ; systems, limits, 
and general characters of, 907 
Palmstringa ,1179 
Palagonite, 174, 175, 236 
Palagonite-tutf, 175 


PakqdotkeHinn , 1227, 1234 
PalasteriscifSj 984 
Paleryx, 1251 
Palissya, 1086 

Palma, volcanic sequence at, 339 
Palniaeiks, 1251 
Palniatapteris, 1065 
Palms, fossil, 1224, 1247, 1257 
Palmiphycs^ 1258 
Palo Duro Beds, 1299 
JktWiplearnc&i'as, 1133, 1135* 

Paltopleuroceras spinatuin, Zone of, 1133 
Palmlina, 1185, 1230 
Pampas Formation, 440 
Panama, contrast of biology of seas on either 
side of isthmus of, 391 
Panax, 1246 

Panchet gi-oup, 1058, 1079, 1107, 1160 
Pandaiuis, fossil, 1165, 1224 
Pan-ice, 575 

Panidiomorphic structure, 151, 197 
Paniseliaii, 1236 
Panomiia., 1299 

Paaiapma, 1242, 1261, 1263, 1264*, 1280*, 
1330 

Pantelleria, 267, 333 

Pantellerite, 213 (so<la-trachyte), 226 

Pantakonhda, 1243 

Paiitolambda Beds, 1243 

Pantosaarits, 1126 

Paper- coal, 182 

Pivixidad: iscites', 1107 

Paraclases, 658 

Pambali'/ia, 915 

Parabolindki, 922 

Pamcyathit&, 1237 

Pi fj'adaph mnus, 1273 

PtmulocefYLSy 991 

Pamduxide,% 912*, 913, 941 

Paradoxidian or Middle Cambrian, 915, 925 

Paragonite, 100 

Paragoiiite-schist, 254 

Parakyu.% 1228 

ParajuvavUes, 1107 

“Parallel Roads,” 544, 1321, 1332 

Paralldodon, 1066 

Parainorpliisra, 101, 102, 425, 473, 790 

Paminys, 1243 

PaTaqn'onarites, 1076 

PamsmilicCf 1167 

Paratihetites, 1107 

Paratropites^ 1110 

Pareiasaurus, 1069, 1080, 1089, 1090 

Pareora Formation, 1246, 1274 

Paxexns, 1009 

Parisian Stage, 1240 

Park type of mountain-structure, 1369 

Parka, 1001, 1009 

ParJdnsania, 1138*, 1139 

Parkinsonia Parkinsoiii, Zone of, 1138, 1139 

Paroxysmal phase of volcairism, 284 

Parratia, 1294 

Parrots, fossil, 1254 

Pass or col, 52, 1385 
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Patao-oina, Princeton University expedition 
to^ 1273, 1274 
Patagonian Formation, 1273 
Patcliam Group (India), 1160 
Patclhf, 1141 
Pciierina, 915 
Patriofelift, 1229, 1243 
Patula, 1293 
Pavrodoa, 1159 
Pearlstone, 214 

Peat, 184, 185; effect of pressure on, 182, 
417 ; as evidence of subsidence, 388, 389 ; 
mosses, 606 ; marine, 607 ; succession of 
plants in, 607 ; rate of growth of, 60S ; 
sometimes dates from Glacial Period, 
60S ; distribution of, 609 ; antiseptic 
qualitj’’ of, in preserving animal remains, 
609, 826 ; examination of, for fossils, 853 ; 
indications of former climates furnislied 
])y, 853 ; neolithic relics in, 1360 
Pebbly structure, 135 
“ Pebidian,” 896, 919 
Pecui^teris, 1026, 1065, 1085, 1161, 1251 
Pectm, 1066, 1088, 1095‘M116, 1169, 1232, 
1247, 1263, 1277, 1315, laSO^*- 
Pecteii asper, Zone of, 1182, 1189 
PectuMculiis, 1231, 1255, 1263, 1264*, 1277 
Pedioiiiys, 1179 

Pegmatite, 98, 12S, 151,206,217, 741,742*, 
885*, 886* 

Pegmatoid structure, 196 
Pelagic deposits, 583 
PeJagosaurus, 1122 
Pclmmns, 1297 
Pelt’s Hair, 301 
Pelicans, fossil, 1254 
Pelites, 167 

Pelitic texture, 135, 167 
Pelohatoch dys, 1145 
PdoiicuMcs^ 1144 
Pel orosca rnts, 1185 
1189 

Peltoearie, 941 
Peltoceras, 1143 
Peltura^ 915 
Peb/codifs, 1243 
PempJnjx^ lOSS 
Pena' us, 1088, 1119 
Peiiartli Beds, 1091, 1094 
“Peneplain,” 1381 
Pennine (chlorite), 105 
Penokee Series, 399, 904 
Fcntacrinu.% 1114, 1187 
Pen tag on aster, 1168 
Pentagoriolepls, 987 
PentamereUa, 986 
Pcntanierus, 940, 956*, 990 
Pentameriis Beds, 954 
Pentremites, 984, 1022 
Peperino, 175 
Peperite, 175, 751, 1254 
Pejdiricaris, 1006 
Peralestes, 1128 
Pemmus, 1128 


Peru therhim, 1254 
Perch, fossil, 1287 
Perched Blocks, 161, 554* 

Pcregrbiella, 1168 
Perlcyclus, 1039 
PerUioneUa, 1086 
Peridot, 102 

Peridotites, 102, 240, 258 
Pcriech ocrimfs, 957 
Perimorphs, 89 
Periptyclius, 1243 
Perischodorn us, 1021 

Perisphinctes, 1119, 1138, 1140, 1142,1144, 
1145, 1183 

Perisphinctes arbustigeriis, Zone of, 1138 

biplex, Zone of, 1145 

gigantens, Zone of, 1144 

plicatilis, Zone of, 1142, 1144 

Perlite (Pdiyolite), 214 
Perlitic structure, 133*, 154*, 211, 214, 664 
Permian system, volcanic action in, 275, 
276, 279, 281. 292, 348, 349, 751, 761, 
1064, 1070, 1072, 1073, 1074, 1075, 1076 ; 
description of, 1 063 ; organic remains of, 
1065 

development of, in Britain, 1069 ; 

in Germany, 1072 ; in the Vosges, 1074 ; 
in France, 1074 ; in tlie Alps, 1076 ; in 
Eussia, 1077 ; in Asia, 1078 ; in Aus- 
tralia, 1079 ; in Africa, 1079 ; in North 
America, 1080 : in Spitzbergen, 1081 
Permo-Carl>oniferons rocks, 1063, 1080 
Penia, 1148, 1169, 1246, 1257, 1268 
Pernostrea, 1150 
Peronteeras, 1172 
Beroiiidella^ 1114, 1166 
Persea, 1243, 1263 
Persoonia, 1262 
Perthite, 96 

Pern, upraised coral reef of, 382 
PeUdocrhiHs, 944 
Petcdodns, 1024, 1025 
Petalograptns, 955 
Petmhlatti ua, 1033 
Petraia, 937, 958*, 989 
Petrifaction, 474*, 626, 831 
Petrifying media, 94, 106, 108, 474, 831 
Petrographic types, sequence of, in volcanic 
regions, 339, 349, 707, 708 ; provinces, 
707 

Petrography, 82, 88 
Petroleum, 86, 185, 318, 357, 473 
Petrology, 82 
Pet rophilo ides, 1224* 

Pctrophryne, 1090 
Petrosiliceoiis, 152, 196 
Petrosnclius, 1147 

Phacops, 941, 946, 958*, 975, 983*, 985 

PJumioschism a, 984 
Phalacrocorax, 1254, 1297 
Phanerocrystalline, 127 
Phanenpleuron, 1005, 1011 
Pharciceras, 1089 
Pharus, 1269 
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FJiasanius, 1295 
Fkasculoniys, 1245, 1299 
FlLascolotheriiitn, 1 128’‘' 

FJi asfja I wear is, 969 
Fhasianella, 1078, 1187 
Fhenacodus, 1237, 1243 
Phenocrysts, 129^ 132, 196 
Philippine Islands, 336 
FhiUijmLstnua, 980, 984, 1021 
Fhillipsia, 1023, 1066 
Phillipsite, formed on floor of ocean al^ysses, 
586 

Plilegman fields, geological literature of, 290 ; 
volcanic features of, 269, 278, 279, 290, 
338 

Fhiyctfhniasjiis, 1 005 
Phlogopite, 101 
Fhoca, 1268, 1316, 1324 
Phoeniciies, 1247, 1262 
Fhoenicojjsis, 1158 
F}mnico])terus, 1254 
FhoUulidea, 1187 

Fholadomya, 1093, 1116, 1187, 1230, 1283 
Fholas, 1257, 1267 
FJiulide/yeton, 1033 
FholidopJwrus, 1094, 1122 
Fholidomiirus, 1175 
FhoUdostroyMa, 986 
Fholukmis, 1173 
Phoiiolite, 226, 227 
Flwrus, 1282 
Phosphates, 107, 158, 626 
Phosphatic deposits, ISO, 626, 1162, 1201, 
1255, 1281 

Phosphatisation, 177, 180, 181, 626, 1281 
Phosphoric acid, proportion of, in earth’s 
crust, 87 ; combinations of, 107 ; in river 
water, 488 

Phosphorite, 180, 1255 
PhosiDhoriis, proportion of, in outer part of 
earth, 83 ; peiitoxide, 84 ; coinbiiiations 
of, 86 ; as a mineralising agent, 415, 
809 

Phmgraites, 1214, 1251, 1292 
Phragnioceras, 940, 962'*'' 

Phrygania, 1254 
Phrygania-liniestone, 1 254 
Phtanite, 167, ISO, 1015, 1041, 1046 
Phy codes, 911 
Phyllades de St. Lu, 901 
Phyllite, 171, 247, 248, 259 
Phyllocarids, earliest forms of, 914*, 915 ; 
Silurian development of, 941, 959 ; in Old 
Eed Sandstone, 1006 ; Carboniferous, 1024, 
1031 

Phylloceras, 1100, 1119, 1133, 1136*, 1172 
Phylloceras ibex, Zone of, 1133 
Phyllocoenia, 1141 
Phyllocrimis, 1168 
Phyllodus, 1226 
Phyllograptus, 935* 938, 946 
Pkyllohyis, 987, 1011 
Phyllopods, fossil, 1005, 1024 
Phylloima, 949, 1066 


Ph yl [opo rin a, 939 
PhyUotheca, 1059, 1109 
Phylogeny of organic forms, pahnoiitological 
evidence of, 836, 845-849 
Phipnosuma, 1168 
Physa, 1147, 1201, 1238, 1253 
Physiographical geology, 5, 1363 
Physocaris, 941 
Phytosau rus, 1090 
Pice lies, 1075 

Pickwell-Down Grou]), 9 89 
Picolite, 97 
Picrite, 137, 240, 243 
Pictonia, 1149 
Picus, 1254 
Piesoclases, 658 
Piezocrystallisatioii, 718, 778 
Pigeons, fossil, 1254 
Pike, fossil, 1287 

Pikermi, Pliocene deposits of, 1294 
“ Pillow-structure ” in lavas, 136, 306, 309, 
760 

Piloceras, 920, 940 

Pilton Groiij), 989 

Pi naco(xru,% 1089, 1104 

Pine, fossil, 1287 

Pinites, 1185, 1256 

Phma, 1062, 1116, 1187, 1231, 1269 

Pinnacites, 986 

Pinnatopora, 1022 

Piniudaria, 1002 

Pinus, 1158, 1165, 1208, 1231, 1250, 1276, 
1294, 1338 
Pipe-clay, 16S 
Pisankty 1230, 1250 
Pisidiuifi, 1287, 1333 
Pisodifs, 1230 
Pisolite, 192 

“Pisolitic Limestone” (Paris), 1201 
Pisolitic structure, 136 
Pistacite, 103 
Pistacite-Rock, 253 
Pitch-coal, 182 

Pitchstone, 149*, 209, 213, 216 
PithareUa, 1230 
Pithecmi tJiropos, 1348 
Pitys, 1028, 1030* 

I*l(icenticer((s, 1172 

Placer-wor kings, 812 

P ladles, 1107 

Plaaparia, 941 

FlagiaiUao:, 1128*, 1180 

Plagioclase, 99 

Plagioclase-Rtjcks, 200 

Plagioglyptu, 1066 

‘‘ Plain of marine denudation,” 595 

Plains, H, 1387 

Plaisanciaii stage, 1278, 1289, 1291 
Plane, fossil, 1165, 1224, 1276 
Pliiiier (Cenomanian), 1203 
Idaaeru, 1268 

Planets, densities and origin of the, 15 
Plankton, 827 
Planulites, 913 
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1147, 1214, 1230, 124S, 1268, 

13tJ — 

I’iiint.'. rocks foriiied l;>y, ISI, IS 7, 604 ; 
disirilcationof, as bearing on elevation and 
< lei»ressioii. 390 : transportation of, by 
wind. 44r» : transport of, by river-rafts, 
492 ; flestriK-tive geological action of, 598 ; 
orcranic acids fui'iiished In', 59S ; nitri- 
rlcatiiiu liv, 7)99 : geological elfects of roots 
of, oOO : attraction of rain by, 600 ; con- 
servative action of, 602 ; reproductive 
action of, 004 ; chemical deposits formed 
by, 611 ; preservation of remains of, in 
lakes, peat- mosses, deltas, &:e., S26 ; geo- 
logical liearings of the geograpbical distri- 
biition of, S39, S49 ; early evolution of, 
S46 ; earliest known forms of, 910 ; trans- 
port of stones by floating, 1016 
Poi.siin>po/'a, 969, 9S4 
Plastic, 13S 
Plastic Clay, 1230 
Piataco^Jrui, 1179 

1164, 1230, 1252, 1276, 1277* 
PIat(ht.\ 12S7 
Plateau-glacier.s, 536 
Plateaii-gi'avels, 1322 
Plateaux. *Stv Tablelands 
Ph.itecai'^jKs^ 1215 
Plateosa tiriis^ 1 0S9 
PI ii teplifinera, 1033 

Plate Kiver, mineral matter in solution in 
water oh 5SS 
Plattensee, 51 S 
Platpcems, 915, 95 S 
Pkitf/dpuiejiia, 994 
Fhft//corinus, 1173 
Ph.fff/cruius, 1022 
Phttpoaioma, 940 
PU i typl eifi'i >c€m 1 1 3 5 * 
jP/( I fi/nc/t isma., 940 
Phdi/soienitt\s^ 926 
PI a ti/ao /a 1068* 

Plciiai/iknu'tt’s, 947, 962* 

PItxdoiV mu, 940 
Phrtrodus, 942 

Pleistocene, deknition of term, 1220, 1300 
Pleistocene or Glacial Series, account of, 
1301 : indications of greater elevation of 
the land afforded by, 1302 ; general 
sequence of events indicated by, " 1303; 
pre- Glacial laud surface under, 1303 ; 
advance of tlie ice -sheet shown by, 1304 ; 
rock-striation, 1304; evidence of 'differen- 
tial movements and radiation in the ice- 
sheets, 1306 ; erosion of land - surface, 
130S ; ice-crumpled and disrupted rocks, 
13(i9; detritus left by the ice- sheets, 
1309 ; characters of the boulder-clay, 1309- 
1-312: heiglits at wliicli marine organisms 
have been found in boulder-clay, 1312 ; 
-evidences of interglacial intervals, 1312; 
lower and upper boulder - clay, 1314; 
tiara and fauna of glacial series, 1315; 
evidences of submergence, 1317 ; con- | 


tiuuance of the cold : contorted drift, 
1320 ; second glaciation, re - elevation, 
raised beaches, 1320 ; cause of the cold 
of Grlacial Period, 1325 
Pleistocene or Glacial Series, local develop- 
ment of glacial phenomena in Britain, 
1328; in Scandinavia and. Pinland, 1332 ; 
in Germany, 1334 ; in France and the 
Pyrenees, 1335 ; in Belgium, 1337 ; in. 
the Alps, 1337 ; in Eiissia, 1339 ; in 
Africa, 1340 ; in North America, 1340 ; 
ill India, 1345 ; in Australasia, 1346 ; 
evidence of oscillations of climate shown 
by latest members of, 1 358 
Pleocliroisin, 126 
Pleonaste, 97 
Plesiardoniys, 1234 
Plesicpis, 1249 
Plesiochdys, 1185 
Plesiomeryx, 1254 

Plesiosaurs, characteristically Mesozoic, 837 ; 
occurrence of, 1089, 1121, 1175 ; extinc- 
tion of, 1222 

Plesiosaurus, 1095, 1121*, 1122 
Plesiosorex, 1249 
Ple?(/’acani}ius, 1031, 1073 
Pletti'ocoel us, 1210 
Pleuroci/stites, 938 
Phuroiiidyam, 984 
PhuTocjraptm, 947 
Flmrolytoceras, 1139 
Plewmnya, 1116 
.Pleura nmitihis, 1 0 S 8 
Pleuronectltes, 1088 
'Pleurone ara, 1068 
Pleioro pkol is, 1147 
Pleurophorus, 986, 1066 
Pleurostermim, 1147 

Pleurotoma, 1170, 1226, 1248, 1263, 1286 
IHeurotomaria, 915, 940, 986, 1022*, 1023, 
1066, 1117, 1119*, 1170, 1271 
Pliauchenia, 1299 

Plication of rocks, 673 ; experimental illus- 
trations of, 422 ; examples of, in Belgian 
coal-fields, 1053. See also under Plexiires 
Plicatiila, 1136, 1169, 1298 
Pliniaii phase of volcanic activity, 278, 289 
Pliocene, definition of term, 1220 
Pliocene Series, general characters of, 1275 ; 
geographical and volcanic changes .shown 
by, in Europe, 1275, 1289, 1290, 1292, 
1294, 1298 ; flora of, 1275 ; gradual refri- 
geration of climate indicated Ijy, 1276, 
1278 ; fauna of, 1277 ; percentages of 
northern and southern niolliisks in, 1280 
development of, in Britain, 1280 ; Bel- 
gium and Holland, 1289 ; France, 1289 ; 
Italy, 1291 ; Germany, 1293 ; Vienna 
basin, 1293 ; Greece, 1294 ; Samos, 1296 ; 
India, 1296 ; North America, 1298 ; Aus- 
tralia, 1299 ; New Zealand, 1300 ; de- 
posits of gypsum and rock-salt in, 1294 
Pliohipinis, 1273, 1299 
Pliohylohates, 1291 , 
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PUolmjmx, 1291 
Fliolopliv.s, 1234 
Plirypithe.ciL% 1264 
Pliosav-nis, 1123 
Plocoscypli in, 1167 
Plum-trees, fossil, 1276 
Pluniaster, 1133 

Plumb-line, deflection of, ue;ir mountains, 
1366 

Plutonic action, 262 

Plutonic (or deep-seated) Igneous Kocks, 
197, 719, 721 
Plutonidxs, 912^, 915 
Plutonists, 409 
Plutono-metamorplnsm, 7 65 
Pneuniatolitic agents, 270, 407, 415, 714, 
766, 77S, 780, 784, 808, SIS 
Po, River, 506, 516, 589 
Poadtes, 1236, 1252 
Pocono Series, 1061 
Podocarp ua, 1246 
Podocn (unj/fi, 1231 
Podof/iniiuM, 1263, 1294 
PiHlnzcmiitius 1086, 1112, 1165 
PaebrotherlKm, 1 249 
Poederlian, 1289 

Poikilitic Series or New Red Sandstone, 1063 
Poikilitic structure, 129 
Polac.arUhv.s, 1173 

Polandian Ejjoch in Glacial Period, 1313 

Polar flattening of the earth, 20 

Pole, irregular displacement of terrestrial, 25 

Poly cad la, 1066 

PolycmiUes, 1206 

Poiycotylm, 1218, 1246 

Polygene volcanoes, 322, 324 

Polyyamun, 1257, 1334 

Poly mastodon, 1243 

Poly mastodon Beds, 1243 

Polymorphina, 1133, 1166, 1242 

Polyphyma, 923 

Polyplocodus, 1011 

Polypoilkm, 1161 

Polypom, 1022 

Polyptcrus, 1005 

PolypticIiiUs, 1203 

P<dypty(dunlon, 1175 

Pulystomclla ,1316 

Polyzoa, protective influence of some, 604 ; 
fossil forms of, 939, 1022, 1115, 1168, 
1282* ; reef-like accumulations of, 1066 ; 
abundance of, in Coralline Crag, 1283 
Pompeii, 271, 291 
Pondweed, fossil, 1276 
Pnntian Stage, 1291 
Pontocypjris, 941 
Ponza Islands, 337 
Popanoccras, 1067, 1089 
Poplar, fossil, 1165, 1224 
P<pidus, 1164, 1208, 1252, 1263, 1276, 
1277* 

par an iho n Ucs, 940, 9 4 S * 

Porcellaiiite, 172 
Porcdlia, 986 


Porcupine, fossil, 1278 ; in Glacial Period, 
1317 

Porosphairea, 1193 
Porphyrie, 196 

Porphyrite, 219, 224, 225, 230 
Porphyritic structure, 129*, 151 ; artificial 
production of, 406 
Porpliyritic-lioloerystalline, 127 
Porpliyroid, 130, 254 
Porphyrschiefer, 226 
Portage Group, 997 
Portheus, 1173 
Portia, ulia, 1315, 1330* 

Portlandian, 1131, 1144, 1145, 1148, 1153, 

. 1155, 1156, 1157, 1160 
Portugal. Idcc Spanish Peninsula 
Posulonia, 991 
Posidoniella, 1048 

Posulnnomya, 989, 1022, 1116, 1117* 

Post- Pliocene, definition of, 1300 
Post-Glacial Period. Sec Recent 
Post-Tertiary or Quaternary, 861, 1300 
Potamides, i230, 1248, 1263 
PoUvDioycton, 1165, 1263 
Potamomycc, 1250 
Potamotheri ani, 1 24 9 

Potash, proportion of, in earth’s crust, 87 ; 

silicate of, in river-water, 488,496 
Potassium, proportion of, in outer of 

earth, S3 ; combinations of, 85 
Potassium-chloride promotes subsidence of 
sediment, 492 

Potassium-sulphate in sea- water, 46 
Poieriocc'as, 940, 986, 1023 
Poteriocrin n.% 1022 
Pot-holes, 498 
Pothocites, 1028, 1030 
Potomac Formation, 1159, 1165, 1210 
Potsdam (CamVjrian) Formation, 931 
Potstone, 253 

Pottsville Conglomerate, 1061, 1062 
Praruf'd turn, 9 40 

Prairie-dog, geological action of, 601 ; fossil, 
1317 

Pre- Cambrian, proposed use of term, 868 ; 
volcanic action, 348, 880, 891, 896, 897 ; 
dykes, 744, S84 ; rocks, general character 
of, 861 ; literature, 862 {sec wider 
Crystalline schists) ; lowest gneisses and 
schists, 869 ; sedimentary and volcanic 
groups, S76. ; character of sediments, 876 ; 
land, traces of, 877, 890 ; fossils, 877, 
891 ; abundant graphite, 879 ; metamor- 
phosed into gneiss and schist, 880 ; rela- 
tions of younger sedimentary series to 
older gneisses, 880 ; upper limit of, 881 ; 
length of time represented by, 881 ; topo- 
graphy, 890 

of Britain, 882 ; of Scandinavia, 898 ; 

of Central Europe, 900 : of Americji, 902; 
of Africa, 905 ; of Asia, 906 ; of Austral- 
asia, 906 

Precession, argument from, as to intertial 
condition of the globe, 67 
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Preiazzo, rocks of, 217, 774 
Prehistoric Series of deposits, 1347 
Prehnite, 99 

12aS 

Pi'fpt Cl nifcris. 1 035 
Present, the key to the Past, 3, 260 
Pressure, ])roofthat rocks consolidated under, 
145; elfects of, 246, 416, 429, 7S7 ; in- 
creases eliemical activity, 41, 7S9 ; con- 
solidation of rocks by, 417 ; solids made 
to flow by, 421, 429, 6S1, 7S9 
P,\ .stt''ic'u iif, 1024 
Priabouian, 1234, 1237 
Pi'i<JC>n^iiil, 1159 

Pricu/io(hf/i, 1210 

PnnnfUf, 915, 940, 941, 9S5 

Priiiiitive (Primary) Ptocks, S62, 867, 907 

Primordial Zone, 909, 917, 924, 928, 974 

Pi'ii.ijuteif, 1089 

Prio,(»ci/dus, 1192 

PciuiinfrnjHS, 1172 

P/'iscoch iton^ 940 

Prismatic structure, 136, 212, 306, 663, 
769* ; artiticial production of, 402 
PPstis, 1226 
Pi 'Ist isom Ua, 1109 

Pi'Oiiliirifii, 1254 

Pt'iicfivifcs, 1197 
J^j’ubeb.icerKS, 998 

Proboscunfj 1115, 116S 

Prnbnhalus, 1297 
Prucci.Hchis, 1273 
Proelilorite, 105 
Pi'ik'vInji^iOjl, 1089 
Pi'iicojjbiikfjt, 1300 
Pi'ixhiphti^'iiv.s. 1243 
Prvd actelhf, 986 

Pniilvctus, 9S9, 1021* 1022, 1066, 1067* 
Prottvs, 953, 974, 985, 1023 

Proijtiiiiichclifs, 1122 

Pi'fih’bio.s, 1258 
Pro! ecu n ites, 1023 
Pronicphttis, 1278, 1295 
Pruitoritcs, 10/7 
Propen.in irsium, 1234 
Propora, 957 
Proptift'hips, 1106 

Propylite, 230, 314, 350 
Propylitisatioii, 772. 812 
Proacorpt 943, 1003 

Pro^ojjoH, 1119 
ProsphlHifites, 1108 
ProPpirtos, 1249 
Prutanta^ 937 
Protnster, 939 

Proreaceie, fossil, 1165, 1223, 1247 1276* 
1294 

Proteiiphplli/iii, 1211 

Pj'ofdtitherium^ 1243 

Prof cocyst is, 9S4 

Proterobase, 234 

P rut crosav JO'S, 1069 

Proterozoic Rocks, 861, 867 

Protocard ia, 1088, 1095*, 1119* 1231 


P/'oti>ceras, 1249 
Protoceras Beds, 1260 
P/ 'otoch rici cus^ 1243 
P rotociiiie:c, 943 
Proi oci'isiua, 939 
Protocpstites, 912, 913* 

Protodits,. 1014 
Protogiiie, 205, 900 
Prvtoijimodun, 1243 
Protohip pus, 1265, 1273, 1299 
Protolahis, 1273 
Protolycosa, 1032 
Protonieryc, 1249, 1273 
Protuydiaretiu, 91 2 
ProtopterL% 1066 
Profoptenis, 1005 
Protorh ip is, 1206 
P rotorhy ncha, 940 
Proto roll ipp us, 1 2 4 3 
Protosydiynma, 1192 
Protosponyia, 911, 913* 

Proiotaxites, 1014 
Prototheria, 1128 

Protozoa, relative values of, as fossils, 832 
Protrach yccras, 1106 
Protriton, 1068 
Prociverm, 1227, 1234 
Prunus, 1223 
Przi brain schists, 901, 928 
Psanunites, 160 
I Psaminitic structure, 135 
Pscumnohia, 1234, 1250 
I PsainniodiLS, 1024 
Psarmnosteus, 993, 1005 
Psaro) litis, 1019, 1066 
Pseudtvlnrus, 1237, 1273 
Pseudara usii/rn, 1232 
Pseudurcd, 972 
Pse udoci 'i'tiifes, 957 
Pseudocriiius, 938 
Pseudodiademu , 1115, 1168 
PseudiKjatathea, 1023 
Pseudoliva, 1170 
Pseudomektnia, 1117 
Pseudomonatis, 1066, 1094, 1116 
Pseiidomorplis, 89, 94, 96, 106, 473, 819 
Pseiidosigillarict, 1035 
P^seuciotheca, 933 
Psciidot rionyx, 1231 
Psiloccphalus, 922 
Psitoceras, 1133, 1134* 

Psiloceras plaiiorbe. Zone of, 1133 
Psilonielane, 97 

Psiloydiyton, 984, 1002*, 1009 
Psittcc coth eriu in,- 1243 
Psittacus, 1254 
Psygophylliim, 1066 
PUt miodo/i,- 1175, 1177 
Pteraspis, 942, 1005 
PUrki, 986 

PterieJithys, 987, 1005* 

Pteridoleimnia, 1165 
Pteridorachis, 1012 
Ptcrinea, 940, 986 
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J^terocera, 1148 

Pteroceriaii Sub-stage, 1149, 1153, 1155 
Pterodes, 1254 
Pterodactylus, 1123 
Pterodon, 1227, 1234 
Pterophyllum, 1066, 1086, 1161, 1203 
Pteroplax., 1033 
Pteropods, fossil, 913*, 915 
Pterosaurs, 1123*, 1124*, 1125*, 1175, 
1177 ; extinction of, 1222 
Pterothcca, 940 
Pterygoius, 942, 983*, 1005 
Ptilodictya, 939 
Ptilodns, 1180, 1243 
Pt ilophylliL r/i, 1 0 S 6 
Ptilozamites, 1133 
Ptychites, 1081, 1089, 1100 
Ptychoceras^ 1172 
Ptyehodus, 1173, 1190 
Ptychoff aster, 1254 
Ptychof/naihns, 1090 
Ptycholcpis, 1137 
Ptydiopwria, 915 
Ptychophyllim, 937, 958* 

Piychopteria, 991 
Ptydwsiag uiii, 1107 
Puerco group, 1243 
Pujjinits, 1254 
Pugnax, 986, 1022 
Puliiskite, 221, 223 
Pullastra, 1087* 

Pulcinulina, 1242 
Pidvidina, 1145. 

Pumice, 214, 236 ; proportion of vesicles to 
enclosing glass in, 272 ; dispersion of, in 
the ocean, 577, 582 
PumiceoLis structure, 134*, 214, 306* 
*‘Puntiekl Beds,” 1185, 1197 
Pifjja, 1214, 1268, 1284, 1337, 1352 
Purbecldaii, 1131, 1144, 1146, 1148, 1153, 
1155, 1158 
Purley Shales, 923 
Purpura, 1277, 1280* 

Purpuroidea, 1117 

Puy type of volcanic action, 764 

Pycnodus, 1146, 1202 

Pycnosaccits, 944 

Pycnastcrinx, 1173 

Pygaster, 1115 

Pygopc, 1148 

Pygopterus, 1068 

Pygurus, 1115, 1168 

Pyrmukhda, 1033, 1284 

Pyrazis inus, 1272 

Pyrenees, contact-metaniorphism, 780 ; pre- 
Cambrian rocks of, 901 ; Cambrian, 928 ; 
Silurian, 973 ; Devonian, 994 ; Carboni- 
ferous, 1054 ; Permian, 1075 ; Trias, 
1098 ; glaciation of, 1302, 1336 
Pyripora, 1237 

Pyrite, 108, 135 ; weathering of, 451 ; as a 
petrifying medium, 831 
Pyritous, definition of, 137 ; deposits now 
forming, 628 

VOL. II 


Pyromeride, 133, 215 
Pyropsis, 1211 
Pyroschists, 185 
Pju’oxene, 102, 109 
Pyroxene-andesite, 229, 231 
Pyroxene-rock, 232 
Pyroxeiiolites, 241 
Pyrrhotine, lOS 

Pyrida, 1231, 1253, 1263, 1269, 1282 

Quader (Cretaceous), 1204 
Qua-qiui-versal dip, 669, 671*, 675 
Quarrying, art of, 658, 660 
Quartz, durability of, 84 ; as an original and 
secondary constituent of rocks, ' 90 ; 
occurrences of, 94 ; proportion of, in 
I earth’s crust, 109 ; feiTUginous, 167 ; of 
veins, 195 ; of granite, 204 ; artificial 
foniiation of, 409, 411, 413 
I Quartz-porphyry, 20 9 
Quartz-schist, 248 

i Quartzite, gases in, 142 ; schistose, 248 ; 

! described, 249* ; analysis of, 259 ; origin 
of, 425 

: Qiiartzose, detined, 137 
Quaternary formations, 1300 
. Quenstedtoceras, 1150 
• (pccrciis, 1164*, 1231, 1247, 1263*, 1276, 

: 1287 

Ra’s or terminal moraines of Scandinavia, 
1332 

Rabbit, geological action of, 601 
Radiation, effect of nocturnal, on rocks, 434 
Radiolaria, siliceous ooze formed by, 624, 
625* ; fossil, 911, 937, 1020, 1039, 1166 
Radiolarian ooze, 179 
Radiolites, 1170, 1199 
Rajinescpiina, 950 
Raibl Beds, 1103, 1106 
Rails, fossil, 1254 

Rain, alteration of rocks by, 156 ; solvent 
action of, 161 ; denuding action of, 322 ; 
absorbs atmospheric gases, 414, 448 ; con- 
verts loose calcareous sand into hard stone, 
444 ; production of, 447 ; chemical action 
of, 448 ; composition of, 448 ; mechanical 
action of, 461 ; unequal erosion by, 462 ; 
excessive fall of, 494 

Rainfall and evaporation, 482 ; and river 
sediment, 493, 494 
Rain-prints, 643, 987 
Rain-wash, 161, 460 
Rajniahal Series, 1160 
Rake-veins, 819 
RalliLS, 1254 

Rancocas Formation, 1211 
Raiidanite, 95 
Raiigifer, 1336, 1358 
Ranicot Beds, 1241 
Rapakiwi (granite), 205 
Rapids, 485, 498, 502 
Rapilli, 172 
Raspberry fossil, 1338 

3 c 




VI. 1106 


: :v;,. : 242 . i 2 : r 2 . 1202, 1^92 


1123. 1124*, 1125*, 


15S. 490. 404, 497, 500, 


1250. 1203, 12S7, 1201, 


.s f-'.Nsil Ibrnis of, 122S, 1249, 
;5, 1273, 127S 12S7, 1315 1316 ; 
/,'. 7 ..// In- \ 1355, 1356 : 


n’..-' .7 1249 

l :' ■>, 9S4 

/b,:.-7 ,-'7, 1040 

1024’7 1031 
/777.-..- ,o, 1207 

1 1 ;i(>« i:Hi it'ii. 1 1 O^j 

/b -A'.', Iu3t), 1065 
/5’ 1022 
ir.ii'MiOf :i-iior})h vr, 219 
ir - 1022 

liluuk', tlootls of the, 461. 493 ; sediment in, 

494 , Sfdinient iiuslied along cliaimel of, 

495 : tilterfd by Lake of Geneva, 49S, 
522; terraces of, 50 S: delta of, 516, 517 ; 
n:cuii rate of tleiiudatioii by, 5S9 ; fonuer 
great extent of glacier of, 1308, 1336, 1337 

Rlii^palodont reptiles, 1069 
777/ .% 1213. 1263* 

Rhynchoce{>lialia, fossil, 1060, 10S9, 1090 

ll'iliiii-'liKii (/■<, 9S> 

915, 940, 94S*, 962*, 1022, 
1102, 1116*, 116S*, 1245, 1261, 12S0* 
Rlivnehoiiella Cuvieri, Zone of, 1182, 1191, 
1192 

1 OS 9 

Rliyolite, place of, in the volcanic sequence, 
35'1 

Rhyolite family, 210 
Rlivolite-irlass, 213 
/7/L7.a7, 945 
Ricl.)eekite, 101 

Rift Valley of East Africa, 42, 700, 1384 
Rill -marks, 643 

Rilly, Limestones of, 1234, 1235 
1225*, 1260 
ll'iiniiridtu 1269, 1282 
Ripiilolite, 105 
RipiJolite -sell ist, 25 o 
Ripple- marks. 442*, 642* 

Rissxt/, 126S, 1*277 

Ritfi, 1*298 
River- sand, 162 
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Elvers, influence of earth’s rotation on flow 
of, 23 ; alfected by earthquakes, 374 ; 
sources of supply of, 481 ; discharge of, 
483 ; flow of, 485 ; average slope of, 486 ; 
rate of descent of, 487 ; effect of upheaval 
and depression on, 487 ; chemical action 
of, 487 ; mechanical action of, 490 ; 
transport by, 490 ; rafts of vegetation in, 
492 ; living organisms form, part of sedi- 
ment in water of, 490, 492 ; sediment in, 
494 ; excavating power of, 496 ; causes 
determining form of channels of, 498 ; 
meanders of, 499 ; gorge.s of, and open 
valleys contrasted, 504 ; reproductive 
imwer of, 504, alluvial fans of, 505 ; raise 
their beds, 506, 517 ; terraces of, 507*, 
508*, 1335, 1349 ; deltas of, in lakes, 509 ; 
filtered by lakes, 498, 510, 522 ; bars of, 
510; non-tidal, 515; frozen, 532; swollen 
in summer by melting of snow, 534 ; 
proportion of chemically dissolved mineral 
matter in waters of, 588 ; alluvia of, as 
Palaeolithic deposits, 1349; formerly larger 
than now, 1350 
Rizoceras, 940 
Rob III in a, 1145 
Rocellm'ia, 1161 
Roches moutonnees, 550 
Rock, definition of term, 82, 159, 160 
Rock-basins, formed by weathering, 456, 458; 

by solution, 477 ; by ice-erosion, 255 
Rock-crystal, 95 
Rocking Stones, 456 
Rock-pillars, cut out by rain, 462* 

Rocks, thermal conductivity of, 63 ; argu- 
ment from densities of melted and solid, 
as to the internal condition of the globe, 
69 ; occluded gases in, 85, 86 ; chief 
minerals of, 88 ; colouring pigments of, 
96 ; determination of, 109 ; megascopic 
examination of, 109 ; chemical synthesis 
of, 119; microscopic investigation of, 119, 
140 ; megascopic characters of, 127 ; 
terms denoting structure of, 127 ; terms 
expresvsing general composition of, 136 ; 
state of aggregation of, 137 ; colour and 
lustre of, 138 ; feel and smell of, 140 ; 
specific gravity of, 114, 140 ; alteration 
of, by meteoric water, 156, 473; classifica- 
tion of, 157 ; description of the varieties 
of Sedimentary, 159 ; Eruptive, Igneous, 
Massive, or Unstratified, 195, 705 ; nota- 
tion for, 196, 199 ; Schistose or Meta- 
morphic, 244 ; sequence of, at volcanic 
centres, 339, 349 ; experiments in crushing, 
352, 400 ; expansion of, by fusion, 393 ; 
liypogene causes of changes in texture, 

■ structure, and composition of, 398 ; ex- 
pansion of, by heat, 401 ; experiments in 
fusion of, 402; basic, have been repro- 
duced artificially, but not the acid series, 
407 ; contraction of, in passing from a 
glassy to a stony state, 408 ; absorbent 
powers of, for w'ater, 410, 425 ; internal 


structures of, affected by heated water 
under pressure, 412, 414; iufiuence of 
compression, tension, and fracture on, 
415 ; consolidation of, 416, 417, 617, 
624 ; deformation of, 418, 419, 676*, 
681, 682*, 783, SS6* ; plication of, 

, 422, 672 ; faulting of, 423, 687 ; meta- 
morphism of, 424, 764, 766, 785 ; average 
amount of water in, 425 ; alteration of 
bulk from chemical action, 426, 453 
effect of rapid changes of daily tempera- 
ture on, 434, 454 ; underground saturation, 
of, 466 ; subterranean alteration of, by 
permeating water, 444, 473, 474, 475;. 
effects of frost on, 531 ; stratification of, 
634 ; joints of, 658 ; inclination of, 667 *, 
rule for computing thickness of, 672 ; 
differences between deep-seated and super- 
ficial eruptive, 706 ; tectonic relations of 
eruptive, 719 ; permeation of, hy gianitic- 
material, 728 

Rock-salt, 108, 189 ; gaseous hydrocarbons 
given off by, 318 ; lakelets formed by 
undergi-ouud solution of, 477. See cilso' 
under Salt-deposits 
Rock-slicing machines, 120 
Rogenstein, 192, 1097 
Roger sia, 1211 
Rohrbach’s solution, 115 
Rontgen rays, application of, in the investiga- 
tion of fossils, 851 
Roofing slate, 171 
Rbros Schists, 925 
Rose-laurel, fossil, 1276 
Rostellaria, 1219, 1226 
RotciUa, 1166, 1257 
Rotation of earth, 22 
Roth (Trias), 1097 
Rothliegendes, 1072 
Rothomagien, 1196, 1200 
Rottenstone, 191 
Rubellan, 101 
Ruby, 84, 95 
Rudisten-Kalk, 1199 
Rudides, 1170, 1199 
Ruffordia^ 1185 

Rugose corals, extinction of, 1086 
Riipeliaii Stage, 1255 
Ruptures, minor, in rocks, 416 
Russia, geological maps of, 10 ; deserts of, 
443, steppes of, 445, 528 ; frozen rivers 
of, 493, 533; pre-Cambrian rocks in, 900; 
Cambrian, 926 ; Silurian, 966, 976 ; 

Devonian, 993, 995 ; Carboniferous, 1055 ; 
Permian, 1077 ; Jurassic, 1157 ; Cretace- 
ous, 1207 ; Pleistocene, 1339 
Rutile, 85, 163, 164, 171, 773, 792 
Ryticeras^ 986 

Scihal, 1165, 1224*, 1231, 1247, 1257, 1262 
Sciccamniina, 937, 1020 
Saccharoid structure, 152, 192* 

Sageceras, 1058, 1089 
Sagenaria^ 936, 1012 
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1164, I2;j0, 1270, 1*277*. r2SS, 

1004*, 1015 
Sal’ll, it'll, 927 
Salves, 01 S 

Salt-dcposltsi, lOS, ISO. 933, 935, 977, 979, 
1059. 1064, 1072, 1073, 1077, 10S4, 1093, 
1110, 1155, 1259, 1*275, 1*294 
915 

Sain'.!.-oj>^is. 1107 

Samos. Plioeone deposits and mammals of, 
1296 

SnNoflie/'iiii/u 127 S 

Sand, varieties of, 161, 162, 17S, 442 ; 
volcanic, 173: transport of, by wind, 435 ; 
erosion by, 436 : facetted stones worn by, 
436; dimes of, 440: formed of organic 
remains, 442 ; limit to the attrition of 
particles of, 496 
Sand and Gravel Rocks, 160 
X. ■•iHfhi'jyfj'i’Ct’nts, 99S 

.Sand-blast, natural, 436 : applie.atiun of 
artificial, in the investigation of fossils, S5l 
Sandizate Beds, 11S5 
Sand-liills, 440, 441* 

SfiiitU Incites, 1107 

Sandstone, crushing strengtli of, 71 : vary- 
ing proportion of silica and alumina in, 
109 ; investigation of composition of, 113 ; 
varieties of, 164 : Ilexible (itacolumite), 
249 ; heat evolved by, in crusliing, 401 ; 
iiniiiber of cubic feet to one ton of, in air, 
and ill sea -water, 56S ; characters in 
sedimentation of, 636, 640, 642, 644, 
649 ; associated with conglomerate, 650 ; 
more persistent than conglomerate, 651* ; 
comparatively rapid deposition of, 653* ; 
veins of, in old lavas, 759* ; rendered 
prismatic, 769 

Sandstone-dykes, 665*, 666*, 759* 

Sandwich Islands. &€ Hawaii 
Sttiii/iii7iohina, 990 
Saninu in 'Jifes, 102^ 

Sauidine, 98 
&m iih eriujiu 1297 
Saniioisian Stage, 1249, 1253, 1254 
Sansino, 1293 

Santa Cruz Formation, 1273 
Santonien, 1196, 1201 


•j'ks 269, 270, 275, 2S7. 290, 302, 
:;05, :jI 1, 327, 32S, 336*, 337*, 339 
X'-'. 92 S 

1213 

1211, 1223, 1231 
Sanonite, 474 
lOSO 

Sapn'nire, S4, 95 
1144 

S.irruj.h;i}is, 1245, 1299 
SariiKitian Stage, 126S 
Sarsaparilla, fossil, 1276 
Sarseii Stones, See Grey M ethers 
1164*, 1252, 1276, 1292 
Satellite.s in solar system, 15 
Sti{> 10S9 

Sttv 1013 

S-jii/Dtluii, 1173 
Situ j'ti'^feruniu 1090 
Saiissurite, 99, 232, 790 
Saussiiritisatioii, 790 
Sityicitcit, 1286, 1316, 1330* 

S(t.i:if'r((tji(, 1334 

Saxoiiiaii (Permian), 1069 

Saxoiiiaii epoch in Glacial Period, 1313 

Saxoiiite, 241 

Scaglia, 1206 

Sr<di(. 1226, 1277, 12S6* 

Sntlar/a, 11S7, 1274 
Scaldesiau, 12S9 
Scullies, 940 

Scandinavia, lake -ore of, 1S7 ; granite - 
porxdiyry and associated rocks of, 2 OS, 
217 ; rhornbeii-porphyr of, 219 ; syenites 
of, 220 : earthquakes in, 360 ; changes of 
level in 377, 380, 3S2, 3S5, 392 ; raised 
beaches of, 3S5 *, unequal uplift of, 386 ; 
changes in level of lakes in, 3S6 ; rate 
of uplift of, 3S7 ; proofs of subsidence in, 
391 ; landslips in, 481 ; climate of, 
atfected by lakes, 521 ; glaciers of, 539*, 
540*, 553; “-giants’ kettles” of, 551*, 
gigantic overthrusts in, 693, 900, 970 ; 
petrographical province of Christiania, 
707, 70S, 712 ; contact-metamorphisin in, 
7S2 ; regional metamorphism in, 798, 970 ; 
pre-Camhrian rocks of, 898 ; Cambrian in, 
924 ; Silurian, 966 ; Old Red Sandstone, 
1012; Trias, 1098; Jurassic, 1158; Cre- 
taceous, 1208; glaciation of, 1305, 1332 ; 
Recent jieriod in, 1360 ; history of flora 
of, 1360 

Scaniaii Epoch iu Glacial Period, 1313 
Scariiornis, 1208 
Scetpheus, 1119 

Sccq)?iites, 1171*, extinction of, 1222 

Satphoguathus, 1123* 1124 

Scapolites, 104 

Emu mencickiy 1014 

Ecel idosa uru-s, 1137 

Ecenella, 915 

Schalstein, 175, 982 

Schillerfels, 232, 241 

Schiller-spar, 102 
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Scliistes lustrees of the Alps, 802, 1099, 1373 
Schistose structure, 134, 244, 428 
Schists, crystalline, character of, 244, 246, 
428, 786 ; formed from igneous rocks, 
682, 731; coutact-metamorphisni of, 783; 
commonly associated with igneous masses, 
788. See cUso under Crystalline Schists 
Sch'kodus, 1023, 1066, 1067* 

Sdiizograptus^ 946 
^chiznlepis^ 1076 
Schiziy/iemYt, 1 08 5 

Schizopods, fossil, 1023* 1024, 1031 
Sc-hizo2wli% 933 

Schizo2)tcris^ 1074 ‘ 

SMzhtfeta, 939 

Schlieren in the handed structure of 
igneous rocks, 131, 232, 246, 256, 711, 
788, 869 ; may surviv'e among schistose 
rocks, 246, 256 
SrMcoihaehki, 1170*, 1173 
Schlcenbacliia rostrata, Zone of, 1182, 1187, 
1188 

Scdilcenbachia variaus. Zone of, 1182, 1190 
Mlotkeinua, 1133, 1134*, 1136 
Sclilotheiniia angiilata, Zone of, 1133 
Sehimdtia, 926 
Schoharie Grit, 997 
Schorl, 104, 778* 

Scliorl-rock (Schorl -schist), 208, 254, 778*, 
812 

Scliotter, 163, 1339 
Sduroides, 1234 

Seiurns, 1287, 1249, 1254, 1273 

Sderqrleridiim, 1158 

Se.alecnderma^ 9 23 

SeoUodoDia., 986 

Sc.olithf/,% 913, 939 

Seo m hr a injjhodo n, 1255 

Scoriaceous structure, 133, 306, 341, 753 

Scoria), 133, 274 

Scorpions, fossil, 943, 963*, 1003, 1032* 
1033, 1069 

Scree-material, 113, 160, 164 
Sei/Uiodu.^ 1192 
Scytliian Series, 1106 

Sea, deptli of, 39 ; level of, 42 ; density of, 
43 ; salinity of, 4 4 ; constituents in water 
of, 45 ; gases in, 46 ; compressibility of 
water of, 47 ; more actively erosive in 
Europe than in North America, 55 ; dis- 
turbance of, by volcanic eruptions, 291 ; 
gains access to earth’s interior, 353, 354 ; 
effects of eartliquakes on, 375 ; distance 
to which land -derived sediment is carried 
in, 518, 575 ; tides of, 556 ; low tempera- 
ture of Ijottorn- water of, 558 ; depth to 
which erosive action reaches in, 562, 567, 
574, 576 ; ice-action on, 562, 574, 578 ; 
influence of, on climate, 565 ; the great 
(listril)utor of temperature, 565 ; solvent 
action of, 566, 621, 624 ; chemical action 
in, 566, 582, 621, 624 ; mechanical action 
of, 567 ; zone of mechanical abrasion in, 
567 ; transport of sediment by, 575 ; 


silicates in, as the source of silica for 
marine organisms, 575 ; chemical deposits 
on. floor of, 579 ; mechanical deposits in, 
580 ; bine and green mnds of, 582 ; red 
and gi*ey muds of, 583 ; abysmal deposits 
of, 583, 828 ; comparative rate of denuda- 
tion by, 593 ; final result of denudation 
by, 594 ; proportion of calcareous silt in 
water of, 613 ; preservation of organic 
remains on floor of, 827 ; destruction of 
life by irruptions of fresh water into, 828 ; 
portions of floor of, best adapted for pre- 
serving a record of marine life, 829 ; 
proofs of former presence of, 834 ; indi- 
dications of elevation of bottom of, 
afforded by shells, 1302. See also under 
Oceans and Sea-level 
Sea- dust, 444 
Sea-ice, 189, 563, 578 

Sea-level, raised by displacement of earth’s 
centre of gravity, 28 ; non-uniformity of, 
42, 377 ; raised by the attraction of high 
land, 43 ; partly dependent on compressi- 
bility of sea-water, 47 ; raised by a polar 
ice-cap, 28, 378 ; effects of rotation on, 
379; in Mediterranean, affected by atmo- 
spheric movements, 446, 556 
Sea-sand, 162 

Sea-urchins, fossil, 939, 984, 1021, 1115*, 
1167 

Sea- weeds. See Algte 

Seals in Caspian, 528 ; in Lake Baikal, 528 ; 

fossil, 1268, 1287, 1316, 1324 
Seam, defiuitioii of, 860 
Seas, enclosed, 41 

Seasons, origin of the, 23 ; influence of, on 
volcanic activity, 282 
Secondary or Mesozoic, S61, 1081 
Secretions, 135 

“Section ” in stratigraphy, 860 
Sections, geological, exaggerated outlines iiiy 
53 

Sedge, fos.sil, 1276 
Sedimentary rocks, 158, 159, 633 
Sedimentation, uprise of isogeotlierrns owing 
to, 393, 396, 399 ; conditions for, on sea- 
hottom, 649, 829 ; contrast of Palmozoic 
and Mesozoic, 1082 ; ternary succejssion 
of, 1113 ; indications of shallow water 
afforded by, 1364 
Seeley a, 1068 

Segregated structure. See Banded structure 

Segregation- veins, 741 

Seiches of lakes, 520 

Seine, floods of, 481 ; discharge of, 484 

Seismic vertical, 366 

Seismology. See Earthquakes 

Selbornian, 1186, 1188 

Selenacodon^ 1179 

Selenite, 107 

Selenium at volcanic vents, 269 
Selenocliliena^ 1066 
Semmiotus, 1089 
Semi-opal, 95 
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211, 212*. 240, 

ur’- : iui'tai;;C'rp}:isi;. aro;u:*i, ^^4 
Scr^ 'rLt:::>,i:i. 1:4::*, 791 

N V ' ■ ■• 9..U‘. :i:-4 
Stir: : ':"'tt'ct:vr iatiiieiiet* of, 604 

,■'; '.'4 9>.>9, lU-2 
r^taje, 1200 
Srtrr of Norway. 2 ''3 
St^atia.:: t»ro:;p. 1106 
?'«;‘Vr Grciup ■ Soairliuavia'*. S99 
oevt'M; Hirer. 4!'4, f»10, r».“7 
>''Za;iia\ travertine of, 1234, 1*235 
■Si j alt;', Taryiiij; propartions of silica and 
.uinniaa in, lOS ; varieties of, 109 : rela- 
tive per-i-teiice of, 671* : search of, for 
l'o>sils, S51, .^72 

Sli.iilwvr water c oniiitions indications of, 644, 

rsnaiiiirn lliver. 4^6 
Ssl:ark>, 95S 

Slia-ta-l'liieo Series, 1217 
Siiear-strnv'tiire. 419, 421, OSl, 6S2*, 795* 
Shearuatfr.", fossil. 1274 
SLerts, i.'C‘nteni]voraneoiis, 753, 759 ; iu- 
trr.sive, 2S7, 313, 732 
Sliell-liaUivs, 613 

Sliell-hca-iiigs as proofs of upheaval, 3S1 
Siiell-iuarl, 177, 524 

Sliell-nii.iiiiols iKj'Okken-iiiuddiiiger;., 1360 
Slieli-saml, 17S, 442 

Sliells, variable diirability of, according as 
tliev are farined of ealcite or aragonite, 
lOri, 157, 177, 613, 830, 831 
Slieridnii Stfige, 1317 
Sliiiieton Shales, 9*23 
Siiiijgle. 163, 580 
81r>nkiiiite, “2*22, 223 

Slioiv-eoiiditioiis, indications of former, 644, 

834 

Sliore- deposits, 580 

81iorthorii, introduced in Neolithic time, 
1356 

Slioshoiiite, 22S, 236 

SJniifuirdia, 92*2 

8il>eria, upheaval of coast of, 3S0, 3SS 
Slhintes, 10S9 

Sicilian Stage Pliocene's, 127S, 1290 
Sicily, sulphur deposits of, 93, 451 ; salses 
in„ SIS : eruptive saliaella of Pateriio in, 
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35> : Cretaceous system in, 1206 ; Plio- 
cene of, 1292 ; volcanic plieiioiiieiia in. 
utidf'r Etna 

Siderite, 91, 107, 135, 187, 194 ; as a petri- 
fying mediunn S31 
Siderites. or iron meteorites, 16 
Siderolites, 16 

Sl'/diarin, as a characteristic fossil. 837 ; 
Vvciirivncc of, 1010, 1019, 102S, 1029*, 
1065, 1085 

Silica, or silicic acid, S4 : proportion of, in 
earth's crust, S7 : colloid condition of, 
89: concretionary forms of, 91, 135; 
chief oeciirreiices of, 94 ; proportion of, in 
Sedimentary rocks, 109 ; deposits of, by 
organic agency, 179, 609,611 : deposition 
of, at funiarole.s, 314 ; abundant intiltration 
of, into rocks, 4*28 : solution of, by natural 
water, 452, 470 : liberated I ty decomposi- 
tion of silicates. 452, 470 : as a petrifying 
medium. 474, 831 ; proportion of, in river- 
water, 488, 4S9 ; source of. for marine 
organism.s, 575, 625 ; relation of, to 
humus in river-basins, 599 ; in oceanic 
deposits, 624 ; in limestones, 648 ; intro- 
duced and indurating rocks in contact- 
metaniorphism. 768 ; as a constituent of 
organisms, S30 ; soluble, in sedimentary 
dei)osits, 116*2, llSS 

Silicates, S4, 97, 15S ; decomposed by alka- 
line carbonates, 414, 470; alkaline, 

chemical reactions of, 415 ; decomposition 
of, by* rain, 45*2 ; probable source of silica 
to marine organisms, 575, 625 
Siliceous, defined, 137 

deposits of organic origin, 624 

schist, 249 

Silicificatioii, 177, 179, 625, 64S, 831, 1162, 
1167 

Silicon, proportion of, in outer part of earth, 
83, 84 ; dioxide or silica, 84 
Siliqua^ 1299 

Silliuiauite, 103 ; in contact-metamorphism, 
773, 797 

Sills, 2S7, 313 ; characters of, 732* ; lacco- 
litic form of, 736 ; effects of, on con- 
tiguous rocks, 736, 767 ; connection of, 
with volcanic action, 736 
Silurian system, phosphatic deposits in, ISO; 
cherts of, ISO ; volcanic phenomena of, 
313, 34S, 761, 935, 946, 947, 949, 951, 
963, 966, 972, 97 4 ; rocks of, wedged in 
along border of Scottish Highlands, 796, 
952 ; account of, 933 ; origin of name of, 
933 ; flora of, 936 ; fauna of, 937 ; in- 
dications of climate in, 943 ; evidence of 
great terrestrial movements in, 953 ; 
evidence of a wide region of, free from 
those movements, 967 ; distribution of, 945 
Silurique, proposal of term, 918 
Simbi rj^kifes, 1183 
Sim a, 1297 
Simocyo7i, 1*295 
Simomuriis^ 1089 
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Sineniurian Stage (Lias), 1151, 1152 
Sinesian Formation, 932 
“^Sinks’’ in calcareous districts, 477 
Sino2?a, 1229, 1243 

Sinter, calcareous, 191, 476, 605, 611 ; 
siliceous, 95, 195, 291, 315, 317, 476, 
609, 611 
Siphoy 1333 
Sipho7via, 1166^ 1167 
SiphoQiotreict, 939 
Sirenites, 1106 
Sirocco-dust, 444 
Sironedes, 1215 
SimtJierium, 1278, 1296 
Siwalik series of India, 1241, 1297 
Skaptar Jokull, eruptions from, 277, 295, 
300 

Slaggjr texture, 133, 274, 341 
Slate, 170, 417 ; beat evolved by, in crush- 
ing, 401 

Sleet, production of 447 

Slickensides, 661, 688 

Slimorda^ 942, 1005 

Sloe, fossil, 1287 

Sloths, fossil, 1273, 1317, 1361 

Smaragdite, 102 

Smilax, 1223, 1258 

Snails, rock-boring by, 602 ; early forms of 
land-, 1033 

Snake Fiver, lava- fields of, 344* 

Snakes, fossil, 1271 

Snow, forms of crystals of, 189 ; transport 
of, by wind, 437 ; occasionally laden with 
dust, 440, 444 ; production of, 447, 533 ; 
geological action of, 534 
Snow-ice, 189, 535 
Snow-line, 533 

Soda, proportion of, in earth’s crust, 87 ; 

occurrence of natural, 190, 325 
Soda-lakes, 527, 531 

Sodium, proportion of, in outer part of earth, 
S3 ; combinations of, 85 
Sodium-carboiiate at volcanic vents, 269 ; in 
bitter lakes, 525, 529 

Sodinin-chloride in sea-water, 46 ; argument 
froin, as to age of the earth, 78 ; occur- 
rence of, 107, 189 ; in minute cavities of 
rocks, 144 ; deposits of, 189 ; at volcanic 
vents, 269, 307 ; as an efflorescence pro- 
duct in dry climates, 446 ; in rain, 449 ; 
in springs, 472 ; in rivers, 488 ; in bitter 
lakes, 527 ; precipitation of, 529, 530 
Sofiioni, 313 

Soil, nature and varieties of, 161, 460 ; for- 
mation of, 438, 459* ; influence of earth- 
worms on, 460, 600 ; removal and renewal 
of, 461 ; chemical action of, 469 ; effects 
of frost on, 532 
Soil-cap, 462, 532, 669 
Soissoiinais, Sables dii, 1235 
Solarium., 1170 
Solaster, 1139 
Solecurtus, 1283 
Soleinya, 1066 


Syieu, 1260, 1269, 1299 
Solenhofen, lithographic stone, 1155 
Solenomyct, 1270 
Sole'iiopleum, 915, 936 
Solenopsis, 1088 
Solenostrobus, 1223 

Solfataraof Naples, 266, 313 ; of California, 
kc., 811 

Solfataric alteration, 313, 230, 269, 313, 
772 ; phase of volcanic energy, 267, 278, 
289, 313, Sll ; deposition of mineral 
veins, 811 

Solidification, contraction of glassy rocks in, 
408 

Solids, experiments on flow’- of, 421 
Solomon Islands, up^raised coral-reefs of, 
382, 622 

Solution, by rain, 451 ; by underground 
water, 473 ; mineral veins formed by, 809, 
810 

Solutions, use of heavy, in petrography, 115 

Soliitriaii series, 1349 

Solvsbergite, 208, 221, 223 

Sonninia, 1139 

Sonstadt’s solution, 115 

Soret’s principle in rock differentiation, 714 

Sorcx, 1287 

Sorrel, fossil, 1276 

Souslik, fossil, 1304 

Spain. See Spanish Peninsula 

Spalacoikeriim, 1128 

Spanish Peninsula, geological maps of, 10 ; 
earthquakes in, 359, 366, 375 ; Cambrian 
formations in, 928 ; Silurian, 973 ; 
Devonian, 994 ; Carboniferous, 1054 ; 
Permian, 1075 ; Trias, 1098, 1104 ; 

Jurassic, 1156 ; Cretaceous, 1206 ; Oligo- 
cene, 1258 ; glaciation of, 1308 
Sparagmite, 167 
S pari dm, ancestors of the, 1173 
Sparraaciaii, 1234, 1235 
Sparod^is, 1068 
Spars of mineral veins, SI 4 
Spatangus, 1256, 1274 
Spathic iron, 107, 194 

Species of organisuus, derivation of, by 
descent, 836 ; slow disf)ersal of, 838 ; 
slow evolution of, 838, 842 ; disappearance 
of living, ill geological formations, 856 ; 
succession of, in the Geological Record, 
856 ; once extinct, never reaiipear, 856 
Specific gravity, determination of, 114, 140 ; 
influence of, in differentiation, 406, 407 ; 
of glass less than that of crystallised 
material, 214 

Spectroscopic investigation, 17 
Speeton Clay, 1145, 1147, 1158, 1182, 1183, 
1202, 1207 

Speiinopliiliis, 1304, 1336, 1352 
Sphferexochiis, 941 
Sphsenuni, 1250, 1287 
SpTueroceras, 1151 
Sphieronites, 938 
SpJiierophthalmiis, 915 
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Spbasrosiderite, 187, 195, 647, 1016 
Sj)lue.nil ites, 1170 
Sphagnum as a peat-former, 606 
Spihagodns, 942 
Sphenacanthus, 1024* 

Sphene, 97, 104 ; artificial formation of, 413 ; 

as a contact-mineral, 773 
SjyJienocephcdus, 1173 
Sphenodiscus, 1172 
Sphenophgllnm, 1028, 1074 
Sphenoptevidium, 937, 1012 
Sphemopteris, 987, 1002, 1026*, 1071, 1085, 
1109, 1112*, 1185 
Sph enozamit es, 1086 
Spheroidal structure, 133' 

Spherulitic structure, 131, 132*, 152*, 153 
154, 196, 211, 214 ; artificially obtained, 
406, 414 ; conditions for production of, 
718 

SphyradoceraSi 986 

Spider, fossil forms of, 1032, 124S 

Spilosite, 248, 783 

Spindle-trees, fossil, 1251 

Spinels, 97 ; artificially formed, 406, 413 

Spirifev, 940, 985*, 986, 1021*, 1022, 1066 

Spiriferina, 1021*, 1078, 1096, 1116*, 1135 

Spirifers, extinction of the, 1115 

Spirigera, 1161 

Spirocyathus, 912 

Spiroplecta, 1242 

Spwpora^ 1115 

Spirorhis, 939, 1022 

Spirula^ 1118 

Spisula, 1284 

Spitzbergen, uprise of, 380, 387 ; effects of 
frost at, 532 ; glaciers of, 539, 547, 556 ; 
drift-wood in, 581 ; Old Red Sandstone 
in, 1013 ; Carboniferous, 1056 ; Permian, 
1081 ; Trias, 1108 ; Jurassic, 1158 ; 
Cretaceous, 1208 ; Miocene, 1271 
Splintery fracture, 138 
Sjjondyhis, 1169*, 1232, 1258, 1263, 1296 
Sponges, protective influence of some, 604 ; 
contribute to siliceous deposits, 624 ; 
earliest known, 911, 913*, 937, 947 ; of 
Triassic time, 1086 ; Jurassic, 1114 ; 
Cretaceous, 1166*, 1167, 1186 
Spongioviorjiha, 1086 
Spotted schist, 248, 773, 779, 780, 781 
Springs, evidence of hot, ,as to earth’s in- 
ternal heat, 60 ; influenced by volcanic 
eruptions, 285 ; hot, 315, 468, 469, 473 ; 
analyses of waters of, 317 ; affected by 
earthquakes, 374 ; origin of, 465 ; varieties ■ 
of, 467, 468, 470, 471 ; affected by varia- 1 
tions of atmospheric pressure, 467 ; | 
temperature of, 468, 470 ; chemical action j 
of, 469 ; deposits from, 469, 475 ; sub- «; 
stances dissolved by, 470 ; calcareous, 
471 ; ferruginous or chalybeate, 471 ; 
brine, 472 ; medicinal, 472 ; oil, 473 ; 
amount of mineral matter discharged by, 
477 ; tunnels and caverns made by, 477 ; 
mechanical action of, 479 ; deposit of 


minerals and ores by thermal, 811 ; pre- 
servation of remains of plants and animals 
in deposits of, 627 

Spruce-fir, fossil, 1287 ; history of migration 
of, into Scandinavia, 1360 
Sprudelstein, 191 
Squalodou, 1245, 1261 
Squamata (lizards), fossil forms of, 1175 
Squatbia, 1255 

Squirrels, early forms of, 1227, 1234, 1271 
Stdchmimdaria^ 1028 
Stacheict, 1020 
Stacheoccms^ 1067 

“ Stage ” or “ Group ” in stratigraphy, 860' 
Stagodan, 1179 
Stagouulejns, 1090 
Stalactite, 191, 451, 474*, 475 
Stalagmite, 191, 451, 475, 827 
Stampian Stage, 1249, 1253. 1254, 1259 
Star-fishes, fossil, 912, 914,* 984, 1115 
Star Formation (Queensland), 1058 
Stars, composition of the, 18, 19 
Stanrocejdi (tins, 968 

Staurolite, 103 ; in contact-metainorphism-, 
773, 797 

Staurolite- slate, 248 
Stauronema, 1167 

Steam, influence of, in volcanic eruptions, 
266, 285, 286, 291, 294 ; absorl)ed in the 
subterranean magma, 353 
Sf.e inmann lies, 1106 

Stegocephalia, the earliest known amphibia, 
1033, 1068, 1069, 1089 
Stegoceras, 1217 
Stegodon, 1297 
Stegosaurus, 1125 
Stellaster, 1139 
Stellis'pongia, 1086 
Stenarcestes, 1108 
Stenaster, 948 

Steneojihe’r, 1249, 1254, 1273 
Steneosaurus, 1122 
Stenotheca, 915 
Stenothyra, 1250 

I Stephanian (Carboniferous), 1051 
I Stephanites, 1106 
i Stephanograptus, 938 
i Stepheoceras, 1119, 1138*, 1139 
I Stepheoceras humphresianum, Zone of, 1139 
j Steppes, fauna of the, 1352 
StercuHci, 1217 
' Stereocephalus, 1217 
Stereognathus, 1128 
Stereoracins, 1069 
Sternhergia, 1028, 1071 
Siigmaria, 1004, 1019, 1028, 1029*, 1030*, 
1065 

Stiginarioqmsj 1019 

Stiibite, 96, 104 

Stinkstein, 191 

Stockdale Shales, 964 

Stocks and Stock- works in mining, 818 

Stomato2wra, 1115, 1168 

Stomatoqisis, 1240 
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Stomechhius, 1139 

“ Stone-rivers,” 462 

Stone Age of Prehistoric Period, 1347 

Stonesfield Slate, 1138, 1140, 1141 

Storks, fossil, 1254 

Storm -beaches, 580 

Storms, destruction of life by, 828 

Stoss-seite in glaciation, 1304 

Strain-slip cleavage, 681 

Strand -lines. See Beaches, Raised 

Stm^iawllus, 986 

Stratitication and its accompaniments, 633 ; 
forms of, 634 ; physical conditions in- 
dicated by, 634, 635, 639, 643, 649, 653, 
667 ; irregularities in, of contemporaneous 
origin, 639 ; deceptive effects of overtliriist 
faults in, 641 ; surface-markings in, 642 ; 
alternations and associations of sediments 
in, 649 ; relative persistence of different 
kinds of sediment in, 651 ; relative lapse 
of time indicated by, 653 ; ternary succes- 
sion of sediments in, 656 ; classification 
of sedimentary groups in, 656 ; deceptive 
appearance of horizontality in, 669 ; affords 
a datum line for computing effects of up- 
heaval and denudation, 1364 ; influence 
of, in scenery, 1379* 

Stratified structure, 136, 158, 160 
Stratigraphy, jn’inciples of, 855 ; proposed 
scheme of, based on the succession of 
mammalian forms, 1220 
Strato-vulkane, 324 
Stratum, definition of, 635, 860 
Streaked structure, 131 
Stream -works for ores, 812 
Strebloceras^ 1251 
Sirebhptcria^ 1066 
Strepsiceros, 1297 
Stre2^sf)dns, 1 0 3 1 * 

Streptelasma^ 937 
Streptis, 944 

St7'(i2)torhynchus, 990,1022, 1078 
Striated pavements in boulder-clay, 1312 
StricMandinia^ 940 

Strike of rocks, 670 ; relations of, to curva- 
ture, 673 
Strike-faults, 695 
Strike-joints, 660 
Stringoce]}halus, 985*, 986 
St7'ix, 1254 
Stroniato7norphay 1086 
Stromatopora, 939, 984 
Strombodes, 937 

Stromboli, 267, 276, 280, 282, 283, 294 
Strombolian phase of volcanic energy, 278, 
289 ; influenced by the seasons, 283 
Strombus, 1170, 1263 
Strontianite, 86 

Strontium, proportion of, in outer part of 
earth, 83 ; combinations of, 86 
Strophalosia, 986, 1066, 1067* 
Stropheodonta, 955, 986 
Sir ophites^ 1003 
Strophodus, 1141 


Slrophomena, 939, 9 4h , 962^ 

Strophonella^ 955 
Structure in rocR^? ^ 

Struthio, 1296, 1297^ 

Sturgeon, fossil, 1^23/ 

Sti/lacodon, 1159 
Stylasireea, 1133 
StijUna, 1086 

Sty I inodon, 1 2 2 S , 1243 
Sty Hoi a, 932 
Stylocalam lies, 1065 
Styloccenm, 1236 
Stylodon, 112S 
Stylolites, 420 
StylonuTus^ 942, 10 0 5 
Stykphyllum, 1086 
Styrax, 1268 
Styrites, 1107 

Subaerial conditioiiH, evidence of former, 
643, 834 

Sub-Apennine Series, 1291 
Subiithii Group, 1 24 1 

Sublimation, protliuitH of, 96, 268; at vol- 
canic vents, 26«S, 313, 314; on hiv'a- 

streams, 307, 309 ; experiments in, 408 ; 
in connection witli iniiieral veins, 810 
Subsidence, at volcnnie vents, 310 ; from 
earthquakes, 37 4; secular, 377 ; evidence 
for, 388; causes of, 392, 408 ; attributed 
to deposition, 396, 399 ; may not materi- 
ally alter rocks, 399 ; effects of, on rivers, 
374, 487 ; shown 1 )y peat-mosses, 608 
Subsoil, definition of, 161 ; formation of, 
438, 459*, 461 
Sidmlitesy 915 

Sifccinea, 1284, 1334, 1352 
Sucimhfs, 1144 
Suehosavrus, 1 1 7;"> 

Siiessia, 1116, 1130 
S uesson ian Stage , 1 4 0 
Suez, saliferous near, 530 

Sula, 1254 

Sulphates, 86, 107 ; as eflloreseence pro- 

ducts, 446 ; in rain, 449 ; reduction of, 
to sulphides, 451, ; decomposed by alka- 
line carbonates, 470 

Sulphides, 108 ; weat-licriiigof, 451 ; de])Osits 
of, now forrniup^, 628 ; in mineral veins, 
809 

Sulijhnr, proportion of, hi outer part of earth, 
83 ; trioxide, 84. ; comlunations of, SO, 
107, 108 ; native, occurrence of, 92, 451 ; 
at volcanic veiit.s, 269 ; as a niiiieralisiiig 
agent, 415 ; re.sults from decomposition 
of gypsimi, 451 ; springs, 472; deposits 
of, 1259 

Sulphuretted hydroigen in Black Sea, 47, 
628 ; as a source of native sulpliur, 92, 
451 ; at volcarioeH, 268, 313 ; at mud 
volcanoes, 318 ; in springs, 472 ; in 
lagoons, 579 ; in Ijluc mud of sea bottom, 
682 

Sulphuric acid, composition of, 84 ; at vol- 
canic vents, 26S, 313 ; in atmosphere, 
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449 ; destructive infiueiice of atmospheric, 
449 

Sulphurous acid at volcanoes, 266, 268, 286 
Sulphurous waters, 472 
Sumach, fossil, 1276 

Sun, composition of the, 18 ; influence of 
attraction of, 29 ; age of, in relation to 
that of earth, 80, 81 
Sun-cracked sediments, 643’'‘', 987 
Sunlight, effect of, on some minerals, 432 
Superposition, order of, 657, 835 ; funda- 
mental importance of in stratigraphy, 657, 
835, 855 

Surturbrand, 182, 1260 

Su6-, 1237, 1272, 1287, 1291, 1295, 1297 

Swabia, volcanic vents of, 280 

Swallow-holes, 477 

Sw'eden. See Scandinavia 

Swinestone, 191 

Switzerland, geological maps of, 10 ; earth- 
quakes of, 359, 362, 364, 369 ; landslips 
of, 480, 481* ; avalanches in, 493, 534, 
543 ; glaciers of, 538*, 539*, 549*, 553, 
555; “giants’ kettles” of, 551; erratic 
blocks in, 554*, 1338 ; Eocene osseous 
breccia in, 1237 ; Oligocene, 1257 ; Miocene, 
1270 ; interglacial deposits in, 1338 ; succes- 
sion of glacial deposits in, 1339 ; Neolithic 
deposits in, 1360 ; sections of Jura in, 
1368, 1369. See also under Alps 
Sycamore, fossil, 1338 
Sycum^ 1233 

Syene, granite of, 205, 216 
Syenite family, 216 

porphyry, 217 

Sylvine, 190 
Symhorodon, 1249 
Symphys itnts, 922 
Symplocos, 1231 
Synclases, 658 

Synclines, 675 ; not usually marked at the 
surface by lines of valley, 1368, 1384 
Synclinoria, 678 
Syiwcladia, 1066 

Synthetic organic types. See Generalised 
organic types 
Sy r I nyudendro n, 1019 
SyrinyolUes, 937 
Syrinyopora, 937, 984 
“System” in stratigraphy, 860 
Systeimdon, 1243 

Tablelands, 53 ; estimated rate of denuda- 
tion of, 592 ; twofold origin of, 1381 
Tachylyte, 235 

Tmniopteris, 1065, 1085, 1112*, 1245 

Talc, 101, 105 

Talc-schist, 253, 259 

Takhir Group, 1058, 1079 

Talpa, 1287 

Talus-slopes, 160 

Tancrediay 1139 

Tangles, protective influence of, on coasts, 
603 


Tanne Greywacke, 937, 976, 993 
Tajoes, 1087*, 1263, 1264* 

Tapinocephalids, 1080 
Tapinoeepludus^ 1089, 1090 
Tapirs, fossil, 1228, 1249, 1271 
Tapirulus, 1234 
Tcqnrus, 1249, 1291 
Tar, mineral, 185 
Tarandian (Reindeer) Epoch, 1349 
Tarannon Shales, 953, 955 
Tasmania, geological map of, 11 ; pre- 
Cambrian rocks in, 907 ; Cambrian, 933 ; 
Silurian, 980 ; Carboniferous, 1060 ; older 
Tertiary, 1245 

Tasmanian Devil, fossil, 1300 

Taimiis, metamorphism in the, 800 

Taxites, 1140, 1257 

Taxitic structure, 131 

Taxocrinus, 1022 

Taxodium, 1214, 1252, 1276 

Taxoxylon^ 1257 

Tchernozom, 161, 169, 460, 606 

Tealby Series, 1182, 1184 

Tegel, 1268, 1294 

Tejon Series, 1244, 1260 

TcJeoceras, 1273 

Teleosaurus^ 1122 

Teleusteus, 1207 

TeJcrjndon, 1089 

TelUna, 1215, 1242, 1263, 1277, 1316, 1330* 

TehnaU/rnis, 1179 

Telmatotheriwn^ 1 243 

Telmatotlieriuin Beds, 1243 

Temn echinus^ 1278 

Temnochcilus, 1066, 1087*, 1088 

Temnocidaris, 1208 

Teiiinocyon^ 1273 

Temperature, zone of, invariable beneath the 
surface, in crust of the earth, 60 ; increase 
of, downwards, 61, 412 ; critical, 72 ; 
of earth’s nucleus, 72 ; water-vapour in 
lava above critical, 267, 294 ; effect of 
changes of, on rocks, 434 ; in oceans, 558 
Tempskya^ 1066, 1185 
Tench, fossil, 1287 
Teneriffe, Peak of, 330*, 331, 339* 

Tension, influence of, on rocks, 415 ; joints 
due to, 661 ; rupturing hy, 684 
Tentaculites, 933, 940, 986 
Tephrite, 237 
Teratosaitrus, 1089 
Tcfebra, 1263, 1298 
Terehratella, 1141, 1168, 1261 
Terehratula, 960, 1021*, 1022, 1071, 1096, 
1116*, 1168*, 1256, 1271, 1283 
TerehratuHna, 1168, 1245, 1292 
Terehratulina lata. Zone of, 1182, 1192 
Terebrirostray 1168 
Teredo, 1211 

Termites, geological operations of, 628 
Terra rossa, 457 
Terrace- Epoch, 507, 1345 
Terraces of rivers, 507, 1345 
Terrain Siderolithiqne, 1255 
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Tertiary Formations, volcanic rocks in, 281, 
345, 348, 349, 744 ; metamorpliism of, 
804 ; stratigrapliical position of, 861 ; de- 
scription of, 1219 
Teschenite, 234 
Testiulo, 1254, 1295 
Tetrabelodo/i, 1299 
Tetraconodo/i, 1297 
Tctracns, 1249 
Tetrar/onites, 1172 
Tetragonolepi.% 1122 
Tetragraptus, 932, 935'^, 938, 945 
Tetralcphodon, 1294 
Tebrapterns, 1231 
TeiUhopsi.s', 1118 
Tcxtularia, 1020, 1166, 1257 
Thalassemys, 1145 
Thalassocems, 1067 

Thames River, 484, 486, 487, 488, 489, 492 
Thamnastnm, 1086, 1114 
Thainniscus, 1022, 1066 
Thamnograptus^ 978 

Tlianet Sand (Thanetian), 1229, 1234, 1235 

Thuumatosaurns^ 1137 

TJiaum atop ter 1098 

Thecachampsa^ 1242 

ThccAdium., 1135, 1193 

Tliecodontma urns, 1089 

The.eosm.ilia, 1086, 1114, 1133 

Thdodns, 942, 1007 

Theunoa, 1277, 1282* 

Theralite, 232 
Thereof tkerinm., 12 49 
Thcridfonus, 1234 
Theriodonts, 1090 
Theriosnchus, 1147 
Thermal conductivity of rocks, 63 
Tlierinal springs, 60, 291, 315, 469, 471, 473 ; 
dei)osits from, 469 ; temperatures of, 473 ; 
cheinical composition of, 473 
Tliermo-metamorphism, 765, 779 
Theromorpli reptiles, 1069, 1078 
Thinn/cldia, 1085, 1161 
Thinoiite, 531 
Thinopus, 987 
Thoulet’s solution, 116 
Thracia, 1093, 1145 
Thracian Stage, 1294 
Thrissops, 1122 
Throw of faults, 690, 694 
'Thrust-planes, definition of, 691* ; examples 
of, 677*, 793*, 794, 1053, 1054, 1370 
TJinja, 1257, 1292 
Tfiujites, 1165 
Thujopsis, 1271 
Thun, Lake of, 510 
Thuringian (Permian), 1069 
Thursius, 1005 
Thy as if a, 1299 
Thyestes, 942 
Thylacinus, 1299 
Thylacoleo, 1299 
Thyrsopsis, 1161 
Thysanocr inns, 938 


Tiaracrinus, 984 
Tiber River, 492, 515, 517 
TibetiteSj 1089 

Tidal, retardation, argument from, as to age 
of the earth, 79, 8T; erosion, 574 
Tides, argument from, as to internal condi- 
tion of the globe, 69 ; cause and varying 
height of, 556 ; erosion by, 574 
Tiefeii-gesteine of Roseiibusch, 197 
TigilHtes, 927 
TigrisucJvus, 1090 
Tiles tones, 953, 961 
Till. See Boulder-clay 
Tillodonts, 1228, 1243 
T mother inm, 1228, 1243 
Timanoceras, 986 
Tinguaite, 208, 221, 223 
Tin-ore, veins of round granite bosses, S09 
Tinoceras, 1228*, 1229, 1243 
! Tinodon, 1159 
I Tirol ian Series, 1106 
TiroUtes^ 1089 
Tissotia, 1173 

Titanic acid, proportion of, in earth’s crust, 
87 

Titanic iron, 96 ; artificially formed, 413 
Titanichthys, 988 
Titanite, 104 

Titanium, proportion of, in outer part of 
earth, 83, 85 ; combinations of, 85 
Tita)LO))iys, 1254 
Titaiioyjs, 1249 
Ti ta/iosannts, 1173 
TUa )ios Itch us, 1089 
Titanotherhm, 1249, 1265 
Titanotherium Beds, 1260 
Tithouian, 1148, 1156, 1160 
Toads, fossil, 1271 
Toadstoiie, 1041 
Toarcian Stage (Lias), 1151 
Todites, 1112 
Tomacuhtui, 923 
Tonalite, 224 

Tonga Islands, submarine eruptions of, 334, 
335 ; elevation of, 621 
Tongrian Stage, 1253, 1256, 1253, 1259 
Torbanite, 185 
TorclMla, 915 
Torkia, 1086 
Tornoceras, 986 
Torrejon Group, 1243 

Torridoii Sandstone, evidence of slow deposi- 
tion of, 76 ; arkose of, 167 ; vesicular 
pebbles in, 348 ; dykes of, in Lewisian 
gneiss, 665*, shearing of, 682*, 683* ; 
tension ruptures in, 684* ; stratigraphical 
position of, 793*, 883 ; detailed account 
of, 890 ; possible traces of organisms in, 
891, glacial-like characters of, 1309 
Tors, origin of, 456, 457* 

Torsion, joints due to, 661 
Tortoises, fossil, 1231 
Tortonian Stage, 1266, 1270, 1271 
Toscanite, 228 
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T 1^41 

TriassO' origin :>f name of, 10S4 : 

rm, r.f vrOeami- action in, 5349, 1099, 
1 ' 'riciats in samistnue of, 644*"; 

at fij) of, 649*, tto'i** ; nieta- 
^4' varts of, SOI, 1099, 1105; 
^ rd’ti ci r'f, 10>4 ; lagoon plsase of, 
lO!'^ ; poi.'ig'c liaise of, 10Sr> ; tloni of, 
1CS5 ; fauna of, loSO ; in Britain, 1091 ; 
in t. 4,;ntTaiI Europe, 1095 ; in S.-W. Elurope, 
I'cl*'' : in Scandinavia, 109S; in tlie Aljaiu* 
rrci n, 7J9S-Ilt34n in A.da, 1106-110S : 
n: Arctic ffoain, llOS; in Australasia, 
i:0c; ill Africa. 1109 
124^ 

J.mv 1176 

7n'-7.d;v, 12S5 
7:v.' 112S*, 1159 

TridLymite, 95 : artilieial, 407, 4153 
J-:- • 956 

T’-j 110:3, 1116, 1118% 1119% 1169, 

1245, ICOO 
r%.y.c'- .oa'/.e-s, 102S 
Tr>\r’ii 'd/zs, loss 

7.v’j ‘tl‘ ptfl.g, 946 


r.-: ^ i24d 

T,-: : . -.. '-v, ilOS 
rv.s 1243 

Trilo'-ites a> characteristic fossils, S3 7; 
pdnyiocvny of, S36, S47 ; earliest forms of, 
912’'', 916; eyes of, 914; great profusion 
of, : 2 i Silurian time, 940, 974 ; diiiiimition 
r,t\ in DeViUiiaii period, 9S4 ; still further 
waning of, iu Carboniferous time, ‘1023 ; 
last found in Permian rocks, 1066 
T.-i::ph>->7-u<, 1294 
r.7c. o-'7c, 96S 

T.'i-:!r/:>i‘t »iihfhifi, 941, 9S5, 994 
7*hcco.c<%v/.s 940 
r.-de/o, 1254 
Triiiitv formation, 1212 
r-dzz/ovv/s, 941* 

TA^nivy. 1214, 1231, 1251, 1297 
TripJe^hf, 94S* 

1243 

Tripoli powder (Tripolite), 95, 179, 610 
T <Oly 11/9 
TristaiJi irAcunlia, 341, 347 
1043 
1005 

T/it>>n. 1202. 12S2 
T, ‘if I hi h/ffs c.s% 1277 
Tritons, fossil, 12S7 
Triihii, 1245, 1277 
TrOi'/hfniui iiUf, 1020 
i Ti'tH'huceras, 955, 962* 

I T>‘'>cih>qiofhus, 1167, 1300 
! T.‘o,'hnc)!stifys, 912 
j TrncJhuh'ina^ 915 
i T r< yti Ociiif if id, 1167 

* Tn>c/in.s\ 962*, 1117, 1170, 1253, 1267, 1277 
; Tromliti-s, 949 
' Troct elite. 232 
; 7;v-g/r ./%///>•, 1297 
I Trogoiis, fossil, 1254 
j Ti'hijn/ifhei'idui, 12S5 
! Trona, 190, 325 
! rj‘<*ds/ik'ri/im, 939 
I Trophou, 1280% 1330* 

! TropiiJomris, 1006 
: Tropidi^kptns, 984 
j Trojiidohotifs, 1287 
; Tropites, 1089 
^ Tndicafnliiid, 1257 
Tn/hUdium, 940 

: Trifiiod, 1261 

Tidikudlis, 1073 

Tufa, calcareous, 191, 476, 531 ; asaPalteo- 
iitliic deposit, 1350 

Tuff, volcanic, 159, 172, 174% 271, 276, 

753 ; submarine, 339 ; importance of, in 
the investigation of former volcanic action, 

754 ; fossiliferous, 755 ; examples of, 755- 
762 

Tuffeau, 166 

Tulip-tree, fossil, 1165, 1276 
Tunbridge Wells Sand, 1184 
Tundras, 161, 460, 52S, 606 
Tunnv, fossil, 1287 
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Tiirliari.'iu Eiiochs in Glacial Period, 1313 
Til rhinal [((, 123S, 1257 
Turbo, 1066, 1101, 1117, 1170 
TnrhoniUa, 1282 


Turf, protective iiiflueuce of a layer of, 602 
Tiiroiiiaii, 1182, 1191, 1194, 1196, 1200, 
1204, 1205, 1206, 1207 
TiirrilcjKid, 941 
TurrllUeu, 1170* 

Turritclkc, 1117, 1211, 1226, 1253, 1267, 
1277 

Turtles, fossil, 1231 
Tuscaloosa Tormation, 1212 
Tuscan Formation (California), 1272 
Tuscany, lagoons of, 314 
Tuscarora Deep, 41 
Tuvaliaii group, 1106 
TifkmiifUii, 1215 

Tiflodoma, 1212 
Tiimpii notup us, 1257 
T!f2Jhis, 1248, 1272 
T If pother ia, 1273 

Uinta Group, 1243 

Uinta type of rnoiiiitam structure, 1368 
Uiutacrinus, 1168, 1193 
UlrdaGym, 1229, 1243 
Uintaite, 186 
Uintatheriidffi, 1229 
Uhiiathermm, 1228*, 1229, 1243 
Uiutatheriuin Beds, 1243 
UUmaiiiiia, 1065 

Uhnic substiiuces in soil, 450*, 598 
UJvni.H, 1263, 1292 
(Hadcndruti, 1004 
Uriiia Grou}), 1160 
Unclnulns, 986 
Uiicifrs, 985*, 986 

Uucoiiforiual)ility, 653 ; deceptive appear- 
ance of, 687* ; examples of, 793* ; account 
of, 820* ; suggested intercontinental extent 
of some examples of, 881 ; value of, in 
investigating nioimtaiii-structure, 1372 
Uiidercliif, 480 
UiHlergroniid water, 465 
Vnyuhi; 926 

Ungulates, fossil, 1227, 1237, 1249, 1255, 
1273, 1295 

Ungulite Sandstone, 926 
Unifoniiitarianism in geology, 3, 75 
Unw, early forms of, 1088 ; fossil species of, 
1147, 1185, 1250, 1270, 1294, 1297 
United States, geological maps of, 10 ; sand- 
stones of, 165 ; bauxite of, 169 ; shales 
of, 170 ; petroleum of, 185, 318 ; onyx- 
marble of, 191 ; granites of, 207 : quartz- 
porphyries of, 209 ; rhyolites of, 210, 212, 
213, 306 ; felsites of, 215 ; basalts of, 
235, 236 ; greenstone-schists of, 252 ; ex- 
tinct volcanoes of, 278; lava -fields of, 
305 ; carbonic acid emanations in, 314 ; 
gas regions of, 318 ; explosion lake in, 
325; crater lake in, 325; crowded cinder 
cones of, 327 ; fissure eruptions in, 344 


349 ; youngest eruptions of, in, 345, 349 ; 
petrographical sequence in (N'evada), 350 ; 
earthquakes of, 360, 372 ; uprise of laud in, 
3S2 ; deformation of region of Great Lakes, 
387 ; gravity measurements in, 396 ; 
range of temperature in, 434 ; erosion of 
lake basins by wind in, 437 ; red earth of, 
458 ; rock -pillars in, 463 ; Bad Lands of, 
464* ; mineral springs of, 471 ; rivers of, 
482, 484, 486, 492, 495, 502, 503, 504 ; 
evaporation and rainfall in, 483 ; lagoons 
and coast barriers of, 513*, 581 : salt and 
hitter lakes of, 526*. 531 ; frozen lakes of, 
j 532 ; glaciers of, 540 ; mangrove swamps 
[ and morasses of, 609 ; pliosphatic dejvosits 
I of, 627 ; monocliiial folds in, 674 ; Appa- 
; lachiaii structure in, 67 6* ; petrographic 
provinces in, 70S, 709 ; laccolites of, 736 ; 
volcanic necks iu, 748* : succession of vol- 
canic records in, 761; metaiiiorphisin in, 
^ 803 ; literature of ore deposits of, SO 7 
United States, Pre-Caiubrian rocks of, 905 ; 
Cambrian formations in, 9 30 ; Silurian, 977; 
Devonian, 997 ; Old Ked Sandstone, 1013 ; 
Carboniferous, 1061 ; Permian, 1080 ; 
Trias, 1109 ; Jurassic, 1159 ; Cretaceous, 
1210; Eocene, 1223, 1241; Oligocene, 
1249, 1260; Miocene, 1261, 1265, 1272 ; 
Pliocene, 1298 ; glaciation of, 1303, 1305, 
1307, 1340 ; loess of, 1351 ; post-glacial 
or recent series in, 1361 
Uustratified structure, 136 
Unstratified Hocks, descri])ed, 195 
Upheaval at volcanic centres, 310; by earth- 
quakes, 374, 376 ; efiect of, on rivers, 374, 
487 ; secular, 377 ; evidence for, SSI ; 
causes of, 392 ; local, may' sometimes be 
due to chemical changes, 400, 453 ; proofs 
of, in Pacific Ocean, 621 ; iu Atlantic 
basin, 622 
UjJtoiiia, 1151 

Uralian (Carboniferous), 1051 
Uralite, 101 
Uralitisation, 790 
Urao, 190 
Umichzl^s, 1173 

Urpuian, 1185, 1196, 1197, 1212 
Uriconian, 896 
XTroco'rdyluSj 1033, 1068 
Jlnmemus^ 1031 

Urms, 1287, 1291, 1297, 1355 

Urus, 1338, 1356 

Utznach, lignites of, 1338, 1339 

Vafjmella, 1271 
Varjinoceras, 940 
Vaijimilina, 1133, 1242 ■ 

Valleys, longitudinal and transverse, 51, 
1384 ; sometimes begun by earthquakes, 
372, 375 ; possible rate of erosion of, 592 ; 
causes determining direction of, 1384 ; 
not usually coincident with synclines or 
faults, 1384 ; luainly the work of erosion, 
1384 
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Yt-;:;.;.Iar .>trn::inv, 133, 134*, •27ih SOG*, 
7*7.3, 700 

17.,,.., 1237 

Ve-^nvian tyve of vr-k-ano, 2i)4, 322, 343, 
702 ; -::c:r^'>;ve ohases of, 275 

Vf'inr.us, \o.ioa!:ie nhfiioniena of, 174, 2G7, 
2'n 27ih 271, 273, 274, 277. 276,277, 
2t0, 2-1. 2-2, 2.^3, 2S4, 2.S7, 2S6, 2S7, 
2^-*, 2Sy, 2yl. 293, 224. 298, 21*9, 300, 
l: 72, £03. 304, :.’.07, 306, .‘407, SCO, 310, 
311, 312. 323, 326, 332. 342; literature 
of. 2t>7 ; sc'Ctioii of, 332; Ocean as a sub- 
uni rinc volcano, 336 
r.', ■■■ u lC3 
F/' - ■>'. 1213 
F" • .1164,1230,1272 

Vnk>h;;re Be.I.s 1242, 1200 

I , 2 * ' ‘'^3 

vi'-nna SauFtora-, l2u7, 1223. 12:39 
Villafraiieliian Stage, 1292 
Vines, fossil, 1247 
r/ocro. 12S7 
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Yireuiiaii iKiriieridgiaii], 1147, 114S, 1149, 
1173 

Yiridite, 177 

Vifyjih 'fUif iH, 1211 

l7/3s, 1235 
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So, 131- 139, 196, 272 
F-' , 1247, 1 :i52 

Ff-c h. n 9!;0 
vhvaiM. I>lt* of. 290, 33 S 
r; 1-74, I27S 
r; -..o. ■■ >, 1229, 1243 
Vivianite, IU« , -31 

! F-.h> 1147, 1201, 1230, 1270, 1203, 

12^4, 1291. 1297, 1334 
Fiona 940 
Y-eesitc, 219, 220 
]’'..’3,c.F.,(cV, 926 

Volc.aiiic action, account of, 262, 276 ; not 
necessarily «iec|)-seated, 2S0, 372, 355 ; 
connection of, with atmospheric pressure, 
2-1-28:3: supposed relation of, to sun-spots, 
•283 ; p-erio.licity of, 2S:3 ; paroxysmal, 
2-4 ; iiiriueiice of, on springs, 287 ; steam 
in. 266, 287, 286, ‘291 ; explosions of, 
2>9 ; coimected with subsidence and 
elevatioti, 310 ; to be studied in connec- 
ti. ill with its ancient manifestations, 320 ; 
sul. marine, 332-342 : sequence of erupted 
luateriais in, 339, 349, 706, SS6 ; in past 
geological time, 34S ; quiescence of, in 
Mesozoic time, 34S, 349, 10S2 ; causes of, 
351 ; possibly connected with earth 
niovcmeiits, 35S ; relation of, to earth- 
quakes, 369 ; cycles of, 713 ; relative 
dates of, shown by fossils, 720 ; records 
of ancient submarine, 775*-75S* ; records 
of siibaerial, 758*; destruction of life, 
caused l.>y, S2S ; terrestrial features due 
to, 1377 

; Volcanic cycle, 713 

‘ Volcanic fragmental rocks, 172, 273, 276, 
292 ; cones, 264, 320, 1375 ; gases and 
vapours, 265 ; sublimates, 269 ; water, 

! 270, 311 ; steam, 2S5, 286 ; explosions, 

I 289 

I Volcanic islands, literature of, 336 ; marine 
j erosion of, 333, 334, 339 
j Volcanic rocks, petrography of, 195 - 243 ; 

! occurrence of, in modern volcanoes, 262- 
! 35S ; aitematioii of basic and acid, from 

! same vent, 712, 754, 761 ; occurrence of, 

I in architecture of earth’s crust, 719, 753 ; 
i intrusive, 721 ; contemporaneous, 753 ; 

I quiescence of, during IMesozoic time in 
: Europe, 761 

I Voloanism, Volcanicity, 262, 320 
I Volcanoes, as evidence of the earth’s internal 
' heat, 60; detailed account of,. 262; 
definition of term, 263 ; drilling of vents 
by, 263 ; fissure eruptions of, 264, 342 ; 
Vesuvian type of, 264, 322, 343, 762 ; 
products of, 265 ; active, dormant, and 
extinct, 277 ; sites of, 278 ; not necessarily 
dependant on lines of fissure, 279 ; ordi- 
nary phase of active, 2S1 ; conditions of 
I eruption of, 281 ; periodicity of activity of, 

: 2S3 ; paroxysms of, 284; general sequence 

I of events in eruptions of, 284 ; discharges 
: of incandescent dust from, 286 ; traces o 
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earliest eruptions of, 292 ; ejection of dust 
and stones from, 292 ; emission of lava 
from, 296 ; elevation and subsidence at, 
310 ; solfataric stage of, 278, 2S9, 313 ; 
structure of, 319 ; monogene and poly- 
gene cones of, 322, 324 ; Bedded and Dome, 
324 ; calderas of, 290, 324, 826 ; 

“Massive,” or “Homogeneous,” 330; 
most frequent structural type of, 330 ; 
parasitic cones of, 326, 331 ; submarine, 
332 ; abundant over the oceans, 340 ; 
sequence of petrographic types at, 339, 
349, 712, 754, 761 ; linear grouping of, 
341, 347 ; geographical distribution of, 
346 ; number of active, 346 ; distribution 
of, in time, 348 ; records of three types 
of, in geological history, 763 ; plateau 
type of, 763 ; puy type of, 764, 1044 
Yolga River, affected by earth’s rotation, 
23; slope of channel of, 486 
Yolgian Stage, 1157, 1207 
Volkman ii ia^ 1036 
Yoltzia, 1065, 1085, 1086'- 
Voluia, 1231, 1261, 1271, 1277, 12S6* 
Yolntilithes^ 1170, 1225*, 1248 
Volvaricc, 1237 
Yulcanello, 323* 

Yulcano, 267, 269, 274, 275, 282, 283, 299, 
300, 303, 313, 314, 339 
Vulsdkc, 1233 
Yulsiiiite, 227 

Wccarjenoceras, 1067 
Waccaraaw Group, 1298 
Wacke, 168 
Wad, 97 

Wadhurst Clay, 1184 
Wagtails, fossil, 1254 
Waipara Formation, 1246 
Wcilchki, 1029, 1065 

Waldheimia, 990, 1135, 1245, 1261, 1300 
Walnut, fossil, 1165, 1276 
Walrus, fossil, 1287 
Warminster Beds, 1182, 1189 
Wasatch Group, 1243 
Wasliita Foriiiation, 1212 
Water, vapour of, in atmosphere, 37, 447 ; 
diminishes thermal resistance of rocks, 
64 ; proportion of, in older part of 
earth’s crust, 87; alteration of rocks by 
meteoric, 15 i 448, 453, 469, 818 ; influ- 
ence of, in volcanic action, 266, 270, 
353 ; drainage deranged by lava-streams, 
309 ; influence of heated, 409 ; presence 
of, in all rocks, 409 ; permeating power 
of, increased by heat, 410 ; solvent power 
of, 410 ; this power increased by carbonic 
acid, 411 ; and by heat, 411 ; behaviour 
of, at high temperatures, 413 ; never 
chemically pure, 414 ; three conditions 
of, 447 ; circulation of, over the surface 
of the globe, 448 ; underground circula- 
tion of, 465 ; soft and hard, 470 ; com- 
position of river, 488 ; chemical composi- 


tion of, ill relation to mineral matter iu 
suspension, 491, 495, 522 ; result of 
commingling of salt and fresh, 491, 511, 
575 ; freezing of, and consequent expan- 
sion, 531 ; expulsion of, in contact- 
metamorphism, 7 68 ; subterranean circu- 
lation of, invoked in explanation of 
mineral veins, 809 

Waterfalls, sometimes caused by earthquakes, 
374 ; relation of, to rocks of channel, 
485 ; causes of, 500, 502 
Water-ice, 189 

Water-level, alteration of, 446, 556, 562 ; in 
underground rocks, 466 
Water-lilies, fossil, 1251, 1270 
Water- lime (Silurian), 977 
Watersheds, 1383 ; less permanent than 
drainage lines, 1383 ; migration of. 
1383 

Waterstoiies (Trias), 1091 
Waves, earthquake, 361 ; raised in the sea 
hy earthquakes, 375 ; on the sea, 561, 
567-574 

Weald, delta of, 1181, 1185 
Wealden Series, 1182, 1183, 1184, 1198. 
1203 

Weasels, fossil, 1249 

Weathering, general account of, 453 ; ex- 
amples of, 93, 95, 96, 97, 98, 99, 101, 102, 
106, 108, 141, 208, 210, 310, 449, 451, 
452, 455*, 762*, 1377, 1378*, 1380* ; 
universality of, 110, 764 ; aids from, in the 
investigation of rocks, 110 ; depth of, 
111, 452 ; caused hy rain, 449 ; rate of, 
451, 452, 458 ; importance of, in seandi 
for fossils, 849, 851 ; varying influence 
of, in the excavation of valleys, 1385 
Wehrlite, 240 
Weichselia^ 11 So 
Weiss- stein, 258 
lYells. 467 

Wemmelian, 1234, 123S 
Wengen Beds, 1101, 1102, 1106 
Weiilock Group, 945, 953, 955 
WerfenBeds, 1101, 1102, 1106 
Y^estphalian (Carboniferous), 1051 
Whales, fossil, 1261. 1287, 1316 
Whet-slate, 171, 172 
Y'hin Sill of Yorthumberland, 733* 

White, as a colour of rocks, 138 
White-leaved-Oak Black Shales, 923 
White Lias, 1094 
White River Series, 1249, 1260 
White trap, 741, 775 
WMffielddla., 962* 

Wiclth'in gtou ia, 1253 
Wiildrbigtoiiites^ 1096, 1257 
Widmanstatten figures in meteorites, 17 
^Villicmsonia, 1112, 1113* 

Willow, fossil, 1165, 1204, 1224, 1247, 
1276, 1287 ; Arctic, 1288 
Wilsonia^ 956, 986 

Wind, transporting power of, 302 ; measure- 
ments of velocity of, 432 ; geological 
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1*241 


oVk"'^ 1 * 2 * 29 , 


, 60. 61. 6-2 
o.-ks, 13f 


— ^ 306 , 315 , 

- -+nne l^atioual rark, 

^ 2 \“- IT 9 ! 350 , 134 610 

Yew, foss')’ }''^?.V 7 . 9 ^ 12 S 6 , 1315 , 1330 * 

r„W'Vs 

\oldia-Claj, 

Yorktotvii Bed , 1 ^236 

Ypresiati, 123 - 1 . i- 

Yua-iUs, 1206 

Zaiuites, 108^’ ^1292 
Zancleaii, l-«l. 

ZaidoiloH, 1030 ^jgus at, 35 S 

ZaBte,l.it«n.mot,seWT.t^^ 

Zaiihreiitis, 934 , 

Zechstein, lOb-i, 10 /- 

irWtoKW. 1136 

Zeolites, 99 , 10-1 ’ foj.„,ed m 

.’artificial production of, 41 , 

water, 411 , ‘ ocean - abysses, 08 O, 

tbrniatlou oi, 

Zinc, ill ironstone, 188 

Zinnwallite, 10 artitically formed. 

Zircon, 104 , loo, 

413 

Ziziphns, l 2 oS ^ 
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' Zi/aosannis^ lObb 
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